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» To the Reader! 


MAP Lihovwgh the folowine Treas 
\\S/E8 tiſe being far more prolix 
YES then becomes 4 Letter, and 
"/ofo, 0 then I at firſt imtendedit, 1 
Sed aces a» wery unwilling to en- 
creaſe the already exceſsive bulk of the 
Book by a Preface, yet there are ſome par- 
ticulars that 1 think my ſelf oblig'd to take 
motice of tothe Reader, as things, that will 
either concetn him to know, or meto have 
known, £7 


| Inthe firſt place then: If it be demand: 
ed why I publiſh to the World a Letter which 
by its Stile and diverſe Paſſages, appears 
to have been written as well For, as To4 
particular Perſon , © Thave chiefly theſe two 
things to anſwer : The one, That the. Ex5 
perrments therein related, having been max 
ny of them tfy'd in the preſence of Ingeni- 
0745 Men; and by that means havins made 
| > 3 | {i 016 
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ome nolſe among the Y'rtuoſi (inſomuch 
(hat ſome of them have been ſent into F0- 
reien Countries," where they have had the 
lick not to be deſpiſed) I could not without 
quite tyring more then one Amanuenſis,give 
out half as many Copies of them as were ſo 
earneſtly defired, that.1 could not civilly 
refuſe them. The other, That intelligent 
Perſons in matters of this kinde x orgs 
me, that the publication of what Thad ob- 
ſerv'd touching the Nature of the CAir, 
would not be uſeleſs to the World ; and that 
inan Age ſo taken with Novelties 4s « ours, 
theſe new Experiments would be grateful ts 
the Lovers wy free and real Learning: So 
that 1 might at once comply with my gravd 
Defign of promoting Experimental and 
Uſeful Philoſophy, and obtainthe great [4- 
tufaction of giving ſome to ingenious Meny 
the hope of which, &, I con 4 a tempta - 
tion that 1 cannot eaſily reſiſt. ; 

' Of my being ſomewhat prolix in many 
of my Experiments, 1 have theſe Reaſons 
to render, That ſome of them being altoge- 
ther new, ſeem'd to need the being circum- 
fantially related, to keep the Reader from 
aiſtruſting them: That divers Circums- 
ſtances I did here and there ſet down for fear 
of forgetting them, when 1 may hereafter 
| have 
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have occafion fa make uſe of them in my 04 
pher” Writings: That in divers caſes 1 
thought it neceſſary to deliver things cire 
cumtaniially, that the: Perſon 1 addreſſed 
them,to, -mivhi without miſtake, and with 
& little trouble as is poſsible,. be able to ren 
peat ſuch nnuſnal Experiments © and that 
after I conſented tolet my Obſervations bi 


pnade publick, the moſt ordinary, Reaſon of 


my prolixity was, That foreſcerne that ſwih 
«trouble as 1 met with 1n making thoſe try- 
al; carefully, and the great expence of time 
that they neceſ[arily require, (not to mention 
the charges of making the Engine, and 1m- 
ploying 4 man to manage it) will probably 
keep moſt men from trying again theſe Ex+ 
periments; 1 thought 1 might doe the gene» 
rality of my Readers no unacceptable-perce 
of ſervice, by ſo punftually relating what 
1 carefully obſerv'd, that they may look up+ 
on theſe Narratives as ftanding Records 1 
our new Pneumaticks, and need not reite-= 
rate themſelves an Experiment to have as 


diftintt an lara of jt, as may ſuffice rbem 


z0 grouna their Reflections and Speculations 
#Pon. . 

And et ſometimes 'tis the Diſcourſe 
made upon the Experiment that makes it 
appear prolix, 1 have commonly lefs a con- 
OY A 4 ſpicuous 
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ſpicuoms interval betwixt ſuch Diſcourſes, 
and the Experiments whereunto they belptt, 
br are annexed; thatthey who defre onely 
the Hiſtorical part of the account we give 
bf onr Engine, may read the Narra- 
res, without being put to the trouble 
df reading: the" Refletions too : Which I 
here take notice of, for the ſake of thoſe 
that are well verſdin the New Philoſophy, 
and. in the Mathematicks ; that ſuch 
may ship what was deſign'd, but for ſuch 
Perſon's as may be leſs acquaimed even then 
I, with matters of this nature (ſcarce ſo 
much as mention'd by any Writer in our 
Language) and not for them from whom 
I fhall be much more forward to learn, then 
fo pretend to teach them. Of my being 
wont to ſpeak rather doubtfully, or heſitant- 
ly, then reſolvedly, concerning matters 
whercin T apprehend ſome difficulty, 1 have 
in another Treatiſe (which may, through 
Gods Aſsiſtancc, come abroad ere long) 
F3ven a particular, and 1 hope a ſatisfadto- 
ry account: Wherefore I ſhall now d:fend 
my Practice but by the Obſervation of Ari- 
ſtotle, who ſomewhere notes, That to ſeem 
| Fo know all things certatnly, and to ſpeak 
poſurtvely of them, is atrick of bold and 
Jong Fellows: Whereas thoſe that are 2 
ace 
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erd intelligent and conſider te, art wont td 
Imploy more wary and diffident Expreſst- 
ons, or (as be ſpeaks) wexnvico an n las 
Y To Tay. | | 

There are divers Reflettions, and other 
® Paſſages in the following Epiſtle, and even 
ſome Experiments (occaſionally mention'd) 
which may ſeem either impertinent or ſu- 
perfinous, but are not ſo: Being pi/r' 
written, either to evince ſome truth oppoſ'a, 
or mw ſome erroneous conceit main= 
tain'a, by ſome eminent New Philoſopher, 
or by ſome other Ingenious Men , who, I 
preſum'd, would eaſily forgive me the ha- 
wing on ſuch occaſions purpoſely omitted 
their Names ;, though an inquiſitive Perſon 
will probably diſcover divers of them, by 
the mention of the Opinions diſprov d in 
the Experiments I am excuſing. 


Ever ſince 1 diſcern'd the uſefulneſs 
of ſpeculative Geometry to Natural Phi- 
loſopby,the unhappy Diſtempers of my Eyes, 
have ſo far kept me from being much con- 
verſant mit,that I fear I ſhall need the par- 
don of my Mathematical Readers, for [ome 
Paſſages, which if 1 had been deepiy skill'd 
in Geometry, 1 ſhould have treated more ac- 


Cirately. : | 
And 
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C94 indeed, having,” for-Beafonc.elſts 
whore deduc'd., purpoſely kept ny ({eife & 
ſtranger to moſt of the new. Hypotheſes i 
Philoſophy, 1 4m fe 54 0the" 2 Mr4e the . 
"Eneine'1. treat of. bat prevail 'a:with.'me to 
priate of ſome. ſabjetts whichax eſuf ficitnts * 
ty remote from ny T have been moſt con+ |. 
wverſamin,. And having been reduc d to 
write the greateſtpart of the enſuing Latter 
at 4 diſtance," not ovely from my Library, 
-bat from my own Manuſcripts, 1cannot 
but fear that my Diſcourſes do not onely 
want many choice. things wherewith the 
Learned Writings of others might have en- 
riched or imbelliſhed them : But that partly 
for this Reaſon, and partly for that touch'd 
upon alittle before, 1t s poſsible I may 
have mention'd ſome Notions already pub- 
liſh'd by others, without taking notice of the 
Anthors, not out of any deſign to defraud 
deſerving Men, but for want of knowing 
ſuch particulars to have been already pub- 
liſhd by them : Eſpecially the Experiments 
of our Engine bemg themſelves ſufficiem 

. to hint ſuch Notions 4s we build upon 
them, A 
The, order of the Experiments every 
Reader may alter, as ſuits beſt with his own 
Deſren in peruſing them: For not onely all | 
ens es thole- | 
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made : Wherebyiloſtt 
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thoſe betwixt whow there « an Affinity in 
Natare (by belonging to one ſubjedt) are not” 
always plas'd one by another, out they are 
wot ſtill ſet down ſo much as in the order 
wherein they were made ,, but moſt commons 
ly in that caſual one wherein my occaſions in- 
duc'd me to diſpatch them 10 the Pre[ſs. And, 
which « worſe, I did uſually ſend quite 4- 
way the former Experiments, before the 
later were written, or pou ſo much 4s 
e advantage of cor- 
retting and ſupplying the Imperfettions of 
what I had formerly written, bf th light of 
my ſubſequent Tryais and Diſcoveries. 

\ Beſrdes all this, the diſtemper in my eyes 
for bidding me not onely to write my war 0 
much as one Experiment, but even to read 
over my ſelf what 1 dittated to others. Ican- 
not but fear, that beſides the Authors miſtakes, 
this Edition may be blemiſt'd by many, that 
may be properly imputed to a ver) unskil- 
ful Writer (whom 1 was often times by haſte 
reduc'd againſt my cuſtom to impioy) aud 
may have eſcaped the Diligence of that 
Learned Friend, that does me the favor to 
over-ſee the Preſs; eſpecially there being 
the diſtance of two days Fourney betwixt it 
and me. 


I need not perhaps repreſent to thegequi- 
zahle 


To theReaderF 
table Reader, how much the ſtranze Conf4- 
ſons of this unhappy Nation, 'in the midſe. 
of which I have made and written theſe 
Experiments, are apt to diſturb that calms: 
ry of Minde ,' and andiftrattedne(s of 
Thoughts, that are wont to be requiſite to 
Happy Speculations, But I preſume , 
that by all theſe things put together , he 
will readily perceive, That T have been 
ſo far from following the Poets prudent 
Counſel touching the ſlow Publication of 


Books aeſign'd to purchaſe credit by, 
——- Nonumque prematur in Annum 


that I ſuffer this Treatiſe to come abroad 
into the World with a multitude of Diſad- 

Vantazes. | 
But if it be demanded, why then 14id 
net make it filter for the Preſs ' 5 T ſent 
it thither ? my Anſwer muſt be, That not 
at firſt imagining that this ſort of Experi- 
ments would prove any thing near (0 trouble- 
ſome, either to make, or to Record, as 1 
afterwards found them, I did, to engage 
the Printer to diſpatch, promiſe him to ſend 
him the whole Epiſtle 1m a very ſhort time : 
So that althouzh now and then the occaſional 
vdcatgons of the Preſs, by reaſon of Feſti- 
vals, 
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vals, 'orghecabſence of the Correfor, gave 
me the leiſuretos exſpaciate upon ſome ſub- 
jeth; yet being oftentimes call 'd upon to diſ= 
patch the Papers to the Preſs, my promiſe, 
and many unexpected  Avocations, obliged 
me to a haſte;which, though it have detract = 
ed nothing from the NO of the 
Hiftorical'\part of our Book, has (I fear) 
been diſadvantageous envueh to all the reſt. 
And 1 made > leſs ſcruple to let the fol- 
lowing Papers paſs oat of 'my hands, with 
all their:Tmperfeitions ; becauſe, as the 
publick \Afﬀferrs, and my own , were then 
circuniftanc'd, Tknew not when (if at all) 
T ſhould&tbeatgain in a condition to proſecute 
Experiments. of ths'\'kinae, eſpectally, 
fence (to omit my being almoſt weary of be- 
ing, 4s it were, confin d4 to one ſort of Ex- 
periments)..T am pre-ingag'd (if it pleaſe 
Gad to manchſafe me Life and Health) to 
smploy myfirſt leiſureinthe publication 0 
ade r for mrwet Fo , —_ 
thonght.'twould make me much the fitter to 
take in hand, if I firſt aiſpatch'd all that 
T had at. this. time to:'mwrite touching - our 
Eneme. OO INES = | 
T1 have this further #0 adde , by way 
of Excuſe, That as. it has been my defign 
#n publiſbing theſe Experiments 10 caxatific 
Inze- 


2H 


T6 th&Reader? ” 

theenious mens fo, if 1 haut wat Brew 
wuch flattered, 1.'may hope that the vart- 
ous hints to be met with in the: following. 
Letter, will (at leaſt}; ſomewhat awaken 
mens thourhts,cr excite themtonewſpecila; 
tions (ſuch 4s perhaps even inquiſitive men. 
would ſcarce iſe light upon) ahd 1 -need nod 
deſparr, thai everithe examination of ſuch 
new Su[picions and Enquiries miithenceal« 
ſo, atleaſt Occaſponally, be: facilitated? 3 
ſaid Occaſtonally,) becauſe #t being, as tis 
proverbially [aid,: Facile Inventis:addere. 
Tt ſeems not irrational. to expettF; that our. 
Engzne it ſelf, and divirs of our. Experis 
ments, will-be mach promoted by the Indua 
ſtry of inventive and. Mathematical Wits, 
whoſe contrivances.may eaſily tither correct 
or ſupply, and conſequently ſurpaſs. many of 
thoſe we have made .uſe.of.. | Anil, \particu> 
larly, if Men by Skill and patience an ars 
rive both ta evaruate [nch  Receevers. as 
ours, til there be no wore Air left:anthem, 
then there ſeems tochawe remarid'in- the 
Glaſſts made uſe of \gbout the 'Anodebur+ 
Lick Experiment (hereafter tobe mention- 
ed) and to keep out the Air for a competent 
while, the Uſefwineſs amd Diſcoveries of our 
Engine, will not be a little a&vgnc'd.. And 
Perhaps that may belong to it, which 1 re- 
& mens 


TotheReader? 
wember Seneca ſpeaks of Nature, Tnitias 
tos (ſays be) nos credimus, in Veſtihulo 
ejus heremas : For being now. i @ place 
where we are not quite defiraze of moder ate- 
ly skilfyl <Artificers, we have, furicethe 
Copcluſion of the following Letter, made. - 
ſome Additions to our Engine, by whoſe help 
we finde (upon ſome new tryals) that we 
9149 be able, without much 4 new trouble, 
$0 keep the ambient Air out of the exhau= 
fted Recerver for a whole day; and perhaps 
Wwe ſhould be able to keep it out much loneer, 
#f before we ſhall have -», > ſome ur- 
gent Affairs, and publiſh'd ſome Fapers for 
which a kinde of Promiſe s thought to make 
#5 Debtors tothe Preſs, we could be at lei- 
ſure toproſecute ſuch Experiments, as may 
poſcibly afford a Supplement to the follow- 
ing Treatiſe, from which ſhall now no lon«+ 
ger detain the Reader. | 
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Friendly Reader, 


' Know all Perſons 
that have a publick 
il Spirit for t = Ad- 

vancement of Lear- 
ning, will think much that this 
prece came not out in a Lan- 
uage of more general Uſe, 
then thu you ſee it.now attir 'd 
in; eſpecially fince the Excel- 
hae Noble Perſon, who u the 
Author, u known to be well 4- 
ble bimſelf (being almoſt uni- 
verſally a *% ouſt) to have gi- 
yen it ether the Old Lots of 
s , == 


the newer French © Dreſs. BE 
> - But if- tt be an Honor to a: 
Language to be preferr d, and 
this Honor breeds ſometimes an 
Emulation asanciently it did 
between the Greeks 1and Ro- 
mans, #:cannot be thought: 
unhandſome: for an " Engliſh 
Nobleman to. have:preferrd 
bis own ::. And it maybe a ſuf= 
ficient Reafon for the, Gentry 
of Forein*Parts to.learn: our 
Speech, or. keep Interpreters, 
that they ave jure to bave for 
their requital, - from. many of 
our Englijh*Writers (as here 
from thispiece) muthcuriouſly 
ImNTenious, and profitable Lear- 


mn. 


Bri t 


 Butasto thu particular(give 
me leaveto'ufe Words from 
Story) Stnce the: Mountars: 
cannot come to” Afahomet, 
Mahomet wiil go + to the 
Mountain's 1 mean thus; 
Becauſemany witty Men, Der. 
ſons off Honor and Eſlate eſpe- 
cially, may be ſuppoſd.to be a- 
ble to make a better account, by 
employing © their Studies and 
Time on Matter then Words, 
and ſo are juſtly impeded from 
learning Languages; And be- 
cauſe (az | mayjutlge) theno- 
ble Authors willing tooblige all 
Alen, He. haz already provt- 
ded, that this Piecelbalian 
Ly be done into Latine, that ſo 
c b 2 it 


ir may come home to.divers wor* 
thy Perſons in its Stream, who 
cannot travel to finde it out in 
its firſt Origine, 
Having therefore leave fo 
todo, I cannot forbear to give 
the World the Advertiſement 

* of this Latine Edition, le 
ſome skilful LF 4 ſhould FR 
needleſs pains about a Work , 
which will, ere lons (by Gods 
furtherance) be done to his 
Hands ; For ſuch unprofitable 
expences of Study have toofre- 
quently happened,and too much 
to the diſadvantage of Learn- 
ins, for want of a ſufficient | 
Correſpondence and Intercourſe ; 

between ſuch as are exerciſed 

in 


* 4 + 
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tn the \Mines of-."Wiſdome, 
. This1s all the trouble T [hall 
at preſent give you: Nor (pal 
need minde thee 5 1f,y0u. have & 
true guſt for. the RodG2outedda 
to have' an honor and. thankful 
Tegar d tothe. Perſon that "Ra 
 favord us with the Communte . 
cation of theſe his Txyals,e* 88 
manifeſtly ſo great a VYPatron 

and Friend to Experimental 
Learning ,and all true Wiſdom, 
for ſhould you fail.in this , you 
| might deſervedly be deprivd of 
{  ſomeother Obſervations on the 
* lame ſubjett, which the Au- 
* rhor,[ heare,has made ſmce the 
finiſhing of this Treatiſe. i —=_ 
| — ſdefiretobeexcuſed ow 1 | 

" a % | I, _ e 
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To the Rexder;, 
riOO 1A Rf Geouſer Gr the 
Pls 0, f the "Publication, \ 
pag, expeFation yoB 
a, will enbince;and 
Y6ur delight in the 
"piece "Yoke tobe; 
udentsiÞ accurate 
fg 
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A Sm Ln diet Manters treated 
of 1n nu Epaltolian: D4courle.. > 
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T He Prozmum, Rib is ſet Jada the 
ocauſronuf thts Diſcourſe, t. The mo- 
tives that enduc'd the Authorthereunts,2'«s, 
The hints he received,'5, The.things wheres 
in tha Engine.excels any that hob get bren 
mate uſe of + 6.8K» © The. defeription of \the 
Engine and its parts, 8-8&.:The way of pre- 
parmeg and ufing.ity 15 &Cc.. The diviſien of 
the Expert ments. tryable. thereby into. imo 
forts, and on aiffcatt Y excluding the 
Air. FE Re” < .18'&Co 
The firſt Experiment, neil the maK- 
: ner.o pumping out the Air, and by what de- 
grees the Recerver # empiyet, Ao, 8A di- 
greſsion touching the Spring "on.-Elaſtidal 
power of the:Atr, with an attempt for a Me\ 
chavical -Explication thereof, neceſſary ro be 
premiſ'd for the.explangtion of the Phandr 
mena, exhibited this and phe ſubſequers 
Experiments, 14.4. 26G, 
- The ſecond Experiment ,tonching. the pr 
ſure .of the Arr againſt the, ſides if the Bodily 
it. invirons, 37 &c.. with a digreſsive Exe 
plication.of thepreſſare of the dir included 
pithin an ambient Body. 39'XG 
4xL #4: The 
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The third Experiment, touching the 
force requiſite to draw down the Sucker, #2 
&c,, The Opinion of an eminent Modern 
Naturaliſt examin'd. 44 &C. 
. The fourth Experiment, touching the 
ſwelling of a Bladder , with the averees by 
whichit increaſes, 45 &c. Another Opini- 
enof a Learned Author examin d. 48 &Cc. 

The fifth Experiment touching the break- 
Sng of 4 Bladder in the Recerver, 49 &Ce 
-And of another by heat, -<'$Y 
- The ſixth Experiment, of divers ways by 
which the elaſftical expanſion of the Air 
W4s mea[ur'd. 1 52 6c 

The ſeventh Experiment, touching what 
Figure does beſt reſiſt the preſſure of the Air. 
. TERS WHOS 

The eighth Experiment, tending to a fur- 
ther Demonſtration of the former, fromthe 
breaking of glaſs a Helmet inward. 64 &c, 

" The ninth Experiment, contains a fur- 
ther confirmation from the breaking of 4 
Glaſs outward, 66 &c.with anExperimentto 
prove,that th:ſe Phanomena proceed not 
from an invincible Fuga vacui 69. A de- 
ſcription of other ſmall Rece ivers,and their 
Conveniencies, JO &c. A. Receipt for the 
waking of 4 Compoſition tg Cement crackt 
Glaſſes. POeY | 73 

The 


The Summary: | 

*. Therenth Expertment,' touching the fla* 
wing of \Caxdles incloſed in the Receiver. 
Er > 0-8 Lo 74 &G 
The eleventh Expertment, touching the 
burning of." Coals, 78. 'LAnd the lafting of 
the excandeſcence of an-ancluded piece of-1+ 


FOR. 4 \ 4} . =D : V 9, 
. The twelfth Experiment concerning the 
burning of Match. | -. +, (V2 


The thirteenth Experiment, concerning 
the. further proſecution of : the preceding , 
tending td prove the extinition of the Fere 
in the. former. Experiments, not to have 
proceeded from the preſſureof the Fire by the 
Fumes;.84.. Some remurkable Circumſtan- 
ces of it, 86. Fhe Experiment of Match 
iry'd in a ſmall Receiver. Me 
The fourteenth Experiment, touching the 


ſtriking Fire, and kindling of Powder with 


the Lock of a Piſtol in the'evacuared Recer- 
Tere. 5H £01,557 wigs 5:4) -\ Bee. 

The fifteenth: Experiment, touching the 
' wnſucceſsfulneſs of. kindling included Bo- 
aies with a burning .Glaſs,. and the. A+ 
thors intention to proſecute: it further» 
ed OR ES .i. TO2 
© The ſoxteenth Experiment concerning #he 


opgr ation of the Loadſtone, 105, & . 
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- The ſeventeenth, Experiment, tourhing the 
gradual deſcent.of- the Quick:ſulver, in the 
Torracellian Experiment, 106 QC. Some 
obſervable - Ciremmnſpances 'concernine © it , 
112 &c. The . fame. Experiment L's, d in 
onenof the ſmall: Receivers," 115... How 
this Experiment may be made uſe of to know 
the ftrength of. the\grefſart\ of "tbe»Hir for 
every degree of Rarefadtron,” T1 6:86c. The 
_ tIryabof. the fame Bxperimient:t».a\Tube not 
pts pra ty The radſong ofiethe Mer. 
rwrial Cylonder;.oy'ubc forcing of more Air 
into the Receiver, 1:19, Some Flee ations 
for aud againſt '2Ncuum :configer'd, 120 
&cc. 'Some Adwertafemonts tonge?tnene the 
enrouuenicncies. thut way ariſe/from the di- 
wr ſity of meaſurcs-mazt uſe offan. the defie 
_— the Altututeefthe Mercurral Cylinder; 
«nd from the neglect of little parcety of Air 
apt 1d remain between the Mercury and the 
cocave ſurface oþ the Tube, 123 &C. Some 
Expratrents \ fprivhe ouwore. exath fling the 
Thhegt27 The kitdght\the Author quce found 
of tho Mcr curial .Cylinagr according to En- 
elihmiaſure: hong 6 hav: 228, 
' © The erghteenth Experiment, containing 
_ 4 'nem"'Obſervation" touching the veriafion | 
of--4112 heizht of "the Mercurial Cylindeggan 
the ſame Tube, with an offer at the reaſon 


thereof. 
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[The Summay: b 
tRreof. KIOWA) CA AL-booY hg 129 86 
.\The 19 Experiment, $auching the fub- 
ng of «Cylinder of Water, 149 &CeTbe 
e#r5'din 4 ſmall Rereivere: .. 143 
>The. 20 Px pertment;\ touching the Ela- 
ter of ater, with a digreſstve Experiment . 
to the ſameparpoſe. . |! 11": +144:QC, 
+ The21 Bxprriment, beinga- proſecution 
of the former Enquiry, by Experimenting 
theGeneration.of Bubbles Ln Water, 4 
recital of. ſane notable (Circumpances;)with 
ome; obſervable Corollary's deduc'd there- 
077be JIE HE WO ITTTE A. 23 I47;GcC, 
2: The 221 Experiment, ieyding"t0.4 deters 
minatian.of.the E mg 1.51 6n-theor- 
mer .Experionent, by proving te nuatter pf 
thel, 4 Bubbles: from \# tr ftrenepency.to be 
Air c 'Fhe Baxperiments.\truÞ.in.the. great 
«and - ſmall. Receiaers:,ueruncing the! jams 
thing, 15.5 8:6: «dy Experament wherery 
there 'appear'd; Bubbles. a1 Quick: fphugr., 
260. . The. AvihornInferenges. 162, 4 di- 
greſsive Enquiry, whetter. or. no Air may ht 
-gencraitd ances. , with. (6aeral Hiſtories and 
Experiments, tending #0 the reſolusng apd 
clzaring.thereof., 162 8&6: The Authors $3- 
Cuſe for:ſo-lave a Digreſsion,'  _ +, I 
The \3\ Experiment, containing .4 fur- 
#her Enquiry touching. Bubbles made. with 
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"The Sutamary; 
common and diftilldWater. 18g 
- The 24 Experiment, wherein the inqui- 
79 i proſecuted with other Liquars, as with 
aller Ol, Oyl of Turpentine, «Solution of 
Tartar,Spirit of Kineear, Red'wine, Milk, 
Hew's" Bees , Spirit of Urine; \Spirit of 
Wint and Water, Spirit of Wane.-.187 &Cc; 
The-wonderfal expanſion ofthe Spirit of 
Wine. NS A AB IR 194 
* -The25'h Experiment, tonchlag the” ex+ 
panſion and. gravity of the Air\under wa- 
tex. ES RSS A ks 14. IB BOT-O&c 
. The 26% Experiment, touching the Vi. 
brations of a'Peridolum:”” 17 "£ 202 &c. 
-" The 29h Experyment, touchipg-the. pros 
pugation of ſonyde > And the ambers intenr 
tow of Ca. 7rd Experiments, for 
the further elutidation theresfs. 3.10 8c. 
« The 28 Experiment; touchiug\he ſudden 
eruption of Bubbles from the water, when 
the atrs preſſure was ſpeedilyremon'd. 214 
'.* The 29 Experiment, towchimgthe cauſe 
"of | the aſcent-of. Fumes and Fupors wherein 
"ts prov'd (from the ſever glenotions, which 
the Fumes off atirunge ſmoakine hiquor, of 
the Authgrs,were obſer d to haven ahe: Re- 
ceiver, upon theexſuttion of their) that 
the reaſon of their aſcent proceeds from the 
gravity of the ambient air and natifrom any 
poſetree levity of thetr own. 217 &C. 
| : Te 


The Summary: 


.* The 30 Experiment, concerning the na- 


fare of a fluid Body ,illuftrated by the exams. 
ple of [moak which in ſeveral circumſtances 


ſeems very much to reſemblethe property of 4 
flnid Body , 224 &C. A' conjecture ofthe 
Canſe of the Suns undulation, 228 

The 31 Experiment, concerning the Phac- 
nomena of two flat Marbles exattly plain'd 
and wrought together, and the true reaſon 


thereof, 229. Tbe Authors intention for the 
further proſecution thereof, & what hindred. 


him ; the reaſon why the under Marble did 
not fal from the upper(beine onely conjoynd 


with Spirit of Wine) when the Receiver was- 


evacuated, And 4 notable relation concern- 
ing the coheſion of flat Bodies. 231 &C. 


. The 32 Experiment, touching the forcible 


reſſure of the Air againſt the outward ſu- 
Ate ; a Valve, Feftend upon the _ 
cock 7 the Receiver. The Diameter of it, 
and the weight it [uſtain'd. 233 &C- 
The 33 experiment touching the great preſ- 
ſure of the Air againſt the under ſuperficies 
of the Sucker, 136 &c. what weight was re- 
quiſite to depreſs it, & what weight it would 
lift and carry up with it, 239 &c. what ims, 
provement & uſe there may be made of this 
experiment, 242, A KK 66 touching the. 


nature of Suition, proving that faga vacui 


# not the adequate canſethereof. 243 &C. 
| : The 


= IR Ps no Cats 5 te lediiirs.- 4 os ts '- "0"! VN 
ws VB ot Ba RE IF F ; SI DELNS ws. On. 8" Is " 3. © out 4 le , TIE as 
o 4 : - C 55" h "IP" ns + we ET LTD "7 4 6 '. "IF. 
v4 « CeF; ray. "2. -_ by: pes ah. 13S. es Po ITS & bt > PR pond DE RR 
© n h 5 fe 24 OY ot >7 


31 


” YR 2 ow NN; k . 
IE TIES IS. oy PETR Ll Wh $$ 4 
Abe... nt OY 5  - 2,4 ih; 65 wha 2g 3% 


The Summary; 

The 34 Experiment,comaiing ſeveral 
attempts for the weighing of light Bodtez.in 
the exhauſted Recerver. © *' 2588: 

" The 35 Experiment, touching the cauſe 
of Filtration, and the riſing of . Water an 
Siphons, 262.&C CA relation of 4 new. 
kinde of Siphon, of the Authors , upon 
the occaſion cf . trying the Experiment 
tately obſerv/d by ſome French-men,and fur. 
ther improv'd by himſelf, and ſome conſe- 


ares touching the cauſe of the exhibited , 


Phzenomena,* © + 267 &C, 
The 36% Experiment,touching the weigh- 
ing'of a parcet of Air inthe exhauſted Veſ- 
ſel; and ſome other Obſervations for the ex- 
plication thereof, 27 2: &c.* An accidental 
Experiment, tending to the further tonfiy- 
| nation of the Authors RefietFions upon the 
firſt Experiment , with a digreſsiwve Obſer- 
vation, noting the ſubtil penetrancy of ſome 
Spirits, to exceed by far that of the Air, 275 
&c. And ſome other Experiments to ſhew the 
difficulty of the ingreſs of the Air into the 
pores or holes of ſome bodies into which Wa- 
ter will readily infinuate it ſelf 279 &c.with 
a conjecture at the cauſe thertof,, +82, The 


Anthor returns to the Ds of the in-. 


quiry after the gravity of the Air : But firſt, 
pon the occaſron of the tenacity of a thin 
Bubble 


Ma VWYDw.._ TY Mc. a. "* 
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IS, on one, MN Ph 


Bubble of 'Glaſs) ſets down.bis thoughts con- 
cerning the ſlr ange exupedancy-of * tirength 
in CAir, azitatedby hiat,” above what the 
ſame has unagitated,2.83 &c. Andthen pro= 
ceeds to the examination of the weight of the 
Air by an Aolipile, and compares the reſult 
thereof, with that of Mex(ſennus, 286. The 
Opinions. and. Experiments of divers. Au 
thors, and- ſome of hs own, touching the 
proportioy of weight betwrxt Water and Air, 
are compar d and examin'd by the CHuthor, 
288. The reſult thereof, 290. Merſennus 
hu obſervatzon reconcil'd, with that of the 
Author ;, and the proportion between the gra. 
vity of Water and Air about London, 291 
. &c. Aﬀter the recital of the Opinions of ſe- 
veral Writers, tonching the proportion of 
gravity between Water and ®nick filver, 
the Author ſets down his own tryals, made 
ſeveral ways, together with his concluſion 
therefrom, 2.93 &Frhe uſe be makes «5 
inquiry for the gheſsing at the height of the. 
Atmoſphere; 297. What other Experiments 
art requiſite io the determination thereofe 
ce nn ol 2997 GeCe 
The 37* Experiment touching the ftr ange: 
and odde Phenomengn, of the ada en flaſh- 
es of light an the cavity of the Recerver, the 
ſeveral circumſtances ard difficulties of a 
x . 
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The Summary; - | 
with ſome attempts towards the rendering at reaſon. 
thereof, 301, &Cc. The Difficulty of ſo doing fore. 
ther. ſhewn from the conſideration f the various 
changes of Air which doe not immeaiatly fall wn- 
der, er ſenſes, 315. this laſt propoſition prov'd. 
by ſeveral obſervations. 2:4 
" The 38. Experiment touching the freezing of 
water, 319. &c, Aproblem, (concerning the preat 
. force wherewith a freezing Liquor extenasits ſelfe,) 
propoſ'd upon the Conſideration of divers admirable 
effects wrowght th:reby. + Z2O&C, 
The 39. Experiment, containing an 1nquiſition 
ft er the temperature of the ſubſt ance that remain'd 
in the cavity of the Receiver, after the Air was well 
exbauſtcd. The relation of a Phznomenon ſeeming 
ro proceed from the [willing of the Glaſs: With an 
advertiſement concerning the pliableneſs of Glaſs in 
{mall peices. 322. &C; 
_ *:Thego. Experiment,touching the difficulty that 
occur 'd in making tryall whether rarified Air 
were able to ſuſtaine flying inſetts., 326. &c 
The 41. Experiment, Exhibiting ſeveral my- 
alls rouching t e reſpiration, of divers ſorts of ani- 
malls included in the ReceiBr 328, &c. With 4 
digreſſion cont einins ſome denbts touching reſpira* 
tion wherein are delivered ſeverall Experiments re 
a | 335-&c. 
The 42. Experiment, touching the differing «= 
peration.of corroſive Liquors in the emptied Receiver 
and in the open Air, | 384 
 Theg3.Exp: riment,tonching the ſpont ancons E- 
bulliticn of warm Liquors in the exhauſted Receiver, 
| 88; 
Ta Concly[icn, _ | 
| Th: 
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LO THE 
LOR: 
OT 


DUNGCARVL AN, 
My Honoured and; Dear 
NepHeEw- 


My Dear Lord, 


FEceiving in your laſt ' from 
Te Pars, adefire that I would: 
Lal adde ſome more Experis 

MM. ments to thoſe I. formerly 

=—S=H lent Yon over: [could not 

be fo much your Servantas I am, without 


looking upon that Deſire as:a Com-' 


mand ;- and conſequently, without think-' 
ing my (elf obliged co conſider by what: 


\F fortof Experiments it mightche moſt 4c-! 


_ ceptably be.obey'd. And- at the ſame' 


B time, 


. 
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(2) 


time, perceiving by Letters from ſome 
other Ingenious Perſons at-Pars; that (e- 


_ veral of the Yirtuoſi there, were. very 


intent upon the examination of the Inte- 
reſt of the Ayr, in hindring the deſcenc 
of the Quick-ſtiver, in the famous Expe- 
riment touching a Yacuwm :. I thought I 
could not comply with your Deſires in a 
more fit and feaſonable manner, then by 
proſecutingand endeavoring to promote 
that noble Experiment of Torricellizy : 
and by preſenting your Lordſhip an ac- 
count of my attempts to illuſtrare a ſub - 
jeR, about which, it's being ſo much diſ- 
couri'd of where you are, together with 
your inbred Curioſity, and love of Ex- 
perimental Learning, made. me ſuppoſe 
you ſufficiently inquifitive. v1, 

-- And chough I pretend not to acquaint 
you, on this occaſion, with any ſtore-of 
new Diſcoveries, yet poflibly Ithall be fo 
happy as to aſſiſt you to know ſomethings 
which you'did formerly but ſ#ppoſe; and 


ſhall preſent you, if not with new Theo- 


ries, at leaſt with new Proofs of ſuch. as 
are not yet become unqueſtionable.. And 


. 1f whatT ſhall deliver, have the good for»: 
* Tune to encourage and affiſt you to proſe- 


cute the Hints it will afford, I ſhall ac- 
4 FE - count 


(3) 
count my ſelf, in paying of a duty to 
you, to have done apiece of Service to 
the Commonwealth of Learning. Since 

it may highly conduce to the advance- 
ment of that Experimental Philoſophy, 
the eftectual purſuir of which, requires 
as well a Purſe as a Brain, to endeere it 
to hopeful Perſons of your Quality : who 
may accompliſh many things which 0- 
thers can but wh or, at moſt, but deſegn, 
by being able totmploy the Preſents of 
Fortune in the ſearch of the Myſteries of 
Nature. | 

- And Iam not faintly induc'd to make 
choice of this Subject, rather then any 
of the expected Chymical ones, to enter= 
tain your Lordſhip upon, by theſe two 
 Conliderations : The one, 'T har the Ayr - 
being ſo neceſſary to humane Life, thac - 
not onely the generaliry of 'Men, but 
moſt other Creatures that: breath, can- 
not live many minutes without it; any _ 
conſiderable diſcovery of 'its Nature, \ | 
ſeems' likely to prove of moment to 
Man-kinde, - And the other is, Thar the: 
Ambient Ayr, being that whereto both. 
our own-Bodies, and molt of the others 
we deal witty here below, 'arealmoſt per- 
petually contiguous ; not onely' irs: alte+. 
O74 D 1 rations 


(4) 

rations have 2 notable and manifeſt ſhare 
in thoſe obvious effects, that men have 
already been invited to afcribe thereunto 
ſuch as. are the various diſtempers inci- 
dent to humane Budies, eſpecially if cra. 
zy, in the Spring, the Autumn, and alſo; 
on moſt'ot the great and ſudden changes 
of Weather) but likewiſe, that the fur- 
ther diſcovery of the nature of the Ayr, 
will probably diſcover to us, thit it con- 
curs more or leſs to the exhibiting of ma- 
ny Phenomena, in which it hath hither- 
to {carce been ſuſpected to have any inte» 
reſt. So that a True Account of any 
Experiment that is New concerning - a 
thing, wherewich we have ſuch conſtant 
and neceflary. intercourſe, may not one-_ 

P prove of ſome advantage to humane 
_ Life, but gratifie Philoſophers, by pro- 
moting their Specalations on a Subje& 
which hath ſo much opportunity to ſolli- 
Cite their Curiofiry, 

And Iihould immediately proceed tq 
the mention of my Experiments, but that 
Tlike too well that worthy ſaying of the 
\ >..,, Naturaliſt Pliny, Benignum eff 
lis, x ad ** & plenum ingenui pudorss, faters 

per quos pas" woes not tO CO 
form to it, by acquainting your _ 
= 


COP 

ſhip, inthe firſt place, with the Hint I 
had of the Engine I am to entertain you 
of, You may bepleaſ'd to remember, 
thata while before our ſeparation in Eng- 
land, | told you of a Book that, I had 
heard of, but not peruſ'd, publiſth'd by 
the induſtrious Jeſuit Schottzes, wherein 
'twas ſaid, Herelated how that ingenious 
Gentleman Otto Gericke, Conſul of Mag- 
debwrg, had lately practiced in Germany a 
way of emptying Glaſs Veſlels, by ſuck- 
ing-out the Ayr at the mouth ot the Veſ- 
ſel, plung'd under water : And you may 
alſo perhaps remember, that I expreſl-d 
my felt much delighted with this Expe- 
riment, fince thereby the great force of 
che external Air (either ruſhing in at the 
open'd Orifice of the empty'd Veſlel, or 
violently forcing up the Water into it} 
was rendred more obvious and conſpicu- 
ous, than in any Experiment that T had 
formerly ſeen. And though it may appear 
by ſome of thoſe Writings I ſometimes 
fhew'd your Lordſhip, that I had been fol- 
Iicttous to try things upon the ſame 
ground z yet in regard this Gentleman 
was: before-hand with me in producing 
ſuch conſiderable effects, by means of the 
exſuRtion of Air, I think my ſelf, oblig'd 

B 3 : to 


thy I wr i - Br: © REY 2 Pt. * 
: 


(6F7 - 
to acknowledge the Aſſiſtance, and Enz 
couragement the Report of his pertot- 
mances hath afforded me.” So 
. - Bur as few inventions happen to be at 

firſt {ſg compleat, as not to be either ble- 
miſhd with ſome deficiencies needful to be 
remedy'd, or otherwiſe capable of tm- 
provement - - ſo when the Engine we 
have been ſpeaking of, comes to be more 
attentively conſidet'd, there will appear 
two very conſiderable things to be de- 
fir'd init. For firſt, the W:nd- Pump (as 
ſome body not improperly calls it) is ſo 
contriv'd, that to evacuate the Veflel 
_ there is requir'd the continual labor'of 
two ſtrong men for divers hours, And 
next (which is an imperfection of much 
greater moment) the-Recetver, or Glafs 
to be empty'd, conſiſting of one entire 
and uninterrupted Globe and Neck of 
Glaſs; the whole Engine is fo made, thar 
things cannot be convey'd into it, where- 
on to try Experiments - So that there 
{ſeems bur little (if any thing) more to be 
expected from it, then thoſe very few 
Phenemena that have been already ob- 
{erv'd by the Author, and Recorded by 
Schattus. Wherefore to remedy theſe 
Inconyeniences; I put both Mr. G. 
| and 
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(7) 

21d R. Hook (who hath alſo. the Honor to 
be known to your Lordſhip,and was with 
me when 1-hadtheſe things under confi- 
deration) ro'contrive-ſorie Air Pump, 


that might nor, like the other, need to- 


be kept under water (which on divers 0c- 
caſions is inconvenient) & might be more 
ealily manag'd: And after an unſucceſsful 
' tryall or rwo of ways propoſ'd by 0- 
thers, the laſt nam'd Perſon fitted me 
with a Pump, anon to bedeſcrib'd. And 
thus the firſt ImperteRion'of the German 
Engine, was-in good mea(lure, though 
not perfectly, remedy'd : And to ſupply 


the {econd defect, it was conſidered that. 


it would not perhaps prove impoſſible to 
| leaveinthe Glaſs to be empty'd, a hole 

large enough to put ina Mans Arm 
cloath'd ; and conſequently other Bodies, 
not bigger then it, or longer then the in- 
ſide of the Veſlel. And this Deſign 
ſeem'd the more hopefull, becauſeI re- 


membred, that having ſeveral years be- 


tore often made the Experiment De Ya-' 


cuo with my own hands; I had, to exa- 
mine ſome conjectures thar- occurr'd to 
me about 1t, cauſed Glaſſes to be made 
with a hole at that end, which uſes to be 
ſeal'dup, and had nevertheleſs been able, 
B4 AS 


(8) 
as occaſion requir'd, to make uſe of ſach 
Tubes, as.if -no ſuch holes had been lefr 
in them ; by deviſing ſtopples for them, 
made of the common Plaiſter call'd Dia- 
chylon : which 1 rightly enough ghef{'\], 
would, by reaſon of the exquiſite com- 
mixtion of -its {mall parts, and cloſeneſs 
of its texture, deny all acceſs to the ex- 
texnal Air, - Wherefore, ſuppoſing that 
by the help of ſach Plaiſters, carefully 
laid upon the commiſſures of the ſtopple 
and hole to be made in the Receiver, the 
external Air might be hindred from infi- 
nuating it (ſelf berween them into the Veſ- 
ſel, we caul'd ſeveral {uch Glaſles , as 
you will finde deſcrib'd alittle lower, to 
be blown at the Glaſs-houſe, and though 
we could not get the Work-men to blow 
any of them {ſo large, or of ſo conyeni-. 
ent a ſhape as we would tain have had yet 
finding one to be tolerably fit, and leſs 
unit then any of the reſt, we were con- 
tent to make uſe of :t jn that En- 
Line: Of which, I ſuppoſe, you by this 
time expect the Deſcription, *in order ta 
> ers the Phenomens exhibited 
y It. 

To give your Lordſhip then, in the 
firſt place, ſome account of the —__ - 
elf : 


(9) 
ſelf : It conliſts of two principal parts; a 
glaſs Veſlcl, and a Pump to draw the Air 
out of it. 

The former of theſe (which we, with 
the Glaſs.men, ſhall often call a Recaver, 
 forits aftinity to thelarge Veſſels of thag 
name, uſed by Chymiſts) conſiſts 6f 'g 
Glaſs with awide ke the top, of a 
cover to that hole, and of a ſtop-cock 
faſtned to the end of the neck, at the 
bottom. 

" The ſhape of the Glaſs, you willfigd 
expreſſ'din the firſt Figure of theannex» | 
ed Scheme. And for the f1ze of it, -it 
contain'd about 30 Wine:Quarts, each of 
them containing near two -pound (of '16 
Ounces to the pound) of water: 'We 
ſhould have been bercer ptea('d with ' a 
morecapacious Veſlel, but the Glaſs-men 
profeſled themſelves unable ro blow a 
larger, of ſach a thickneſs and HOPES as 
was requiſite to 0ur purpoſe, - 

At the very top of the Veſſel, (A) you 
may obſerve a round' hole, whoſe Dis 
meter (B C) is of about four inchesz and 
whereof, the Orifice is incircled with a 
lip of Glaſs, almoſt an inch high: For 
the making of which lip, it was requiſite 
(to mention that upon the by, in caſe 

your 
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Es (10) 

your Lordſhip ſhould have ſuch znother 
Engine made for you) to have a hollow 
and tapering Pipe of Glaſs drawn our, 
whereof the Orifice above mentioned 
was the Baſts, and then to have che cone 
| cut off with a hot Iron, within abour an 
Inch of the Points (B C.) 
3 *Fhe.uſe of the lip, 1s to ſuſtain the 
Cover. delineated 1n the ſecond Figure; 
where(D E) points out a braſs Ring, ſo 
caſt, as that ir doth within and withour 
cover the lip .(BC) of the firſt Figure, 
and is: cemented on upon it with aſtrong 
andcloſe Cement. To the inward taper- 
ing Orifice.of this Ring (which is about 
three Inches over) are exquiſitely ground 
the ſides of the Braſs ſtopple (F G;) fo 
that the concave ſuperficies of the one, 
andthe convex of the other, may touch 
one another in {o many places, as may 
leayeas little accels, as poſiible,to the ex - 
ternal Air: And 1n the midſt of this cover 
is left'a hole (H I) of about half an inch 
over, invironedalſo with a ring or ſocket 
of the fame metcal, and fitted likewiſe 
with a braſs ſtopple(K) made in the form 
of the Key of a ſtop-cock, and exactly 
ground into the hole(H I) it is co fill; fo 
as that though it be turn'd round in the 

cavity 


(11) 
cavity it poſleſles, it will not letinithe 
Air, and yet may beput inor taken6ur 
at pleaſure, for uſes to be hereafter men- 
tioned. In order to-ſotne of which; it ts 
perforated with a little hole, (8)traverſing 
the whole thickneſs of it at the lower 
end; through which, and a liccle braſs 
Ring (L)faſtned co one fide, (no matter 
which ) of the bottom of the ſtopple 
{F G)aſtring (8,9, 10) might pals; to 
be imploy'd ro move ſome things in the 
capacity of the empty'd Veſſel; without 


any where unſtopping it, * ales 
=. The laſt thing belonging to our Recei- 
ver,” Is the ſtop-cock deſigned in the firſt 
Figure by' (N.) for the better faſtening 
of which'to the neck, and exaRter exclufi- 
'on of the Air, there-was ſoder'd on to 
the ſhank of the Cock '(X) a Plate of 
Tin, (MT U W) long enough to cover 
the neck of the Receiver, Bur becauſe 
the cementing of this was a matter - of 
ſome difficulty, it will not be amiſs to 
mention- here the manner of it , which 
was, Thatthe cavity of the tin Plate was 
fll'd with a melted Cement , made'of 
Pitch, Roſin, and Wood- aſhes, well in- 
corporated ;z and to hinder this liquid 
Mixture from getting into the Orifice (Z) 
of 


(12) ” 
of the- ſhank, (X) that hole was Rope 
with a Cork, to which was faſtneda ſtring, 
whereby it. might be pulF'd out of the up- 
r Orifice of the Receiver ; and then, 
the glaſs neck of the Receiver being well 
warm'd, was thruſt into this Cement, and 
over the ſhank whereby it was effected, 
that all the ſpace betwixt the tin Plate 
the Receiver , and betwixt the interna 
ſuperficies of - the Receiver, | and the 
ſhanck of the Cock, was filld with the 
Cement; and ſo we have diſpach'd the 
firſt and upper parc of the Engine, 
__* Theundermoſt remaining part conliſts 
of a Frame, and of aſucking Pymp, or 
as we formerly call'd it,an Air Pump, ſup- 
ported by it: The Frame is of 'Wood, 
{mall, but very ſtrong,confiſting of three 
legs, (I 11) ſoplac'd, that one fide of 
it may ſtand perpendicular, that the free 
motion of the hand may not be hindered. 
In the midſt of which frame, is tranſverſly 
nail'd a board, (2 2 2) which may not im- 
properly be call'd a Midriff, upon which 
reſts, and to which is ſtrongly faſtned,the 
main part of the Pump ir ſelf, hyhich is 
m_ onely thing remaining. to be deſcri- 
The Pump conſiſts of four parts, a' 
hollow 


hollow 'Cyliadre, a Sucker, a handle tb 
move that 'Sucker, anda yalve., ':: -- 

The Cylindre was (by 2 pattern) ca 
of braſs z it'is in length about 14 inches, 
chick enough to be very ſtrong, notwith- 
ſtanding the Cylindrical cavity left with- 
In its this cavity 1s about three inches 
Diameter, and makes as exact a Cylin- 
dre as the Artificer was able to bore, 
This hollowCylindre is fittegwith aſuck= 
er, (4455) conſiſting of two parts, the 
one (44) ſomewhat leſs in Diameter then 
. thecavity of the Cylindre, upon which 
is nail d a good thick piece of ran'd ſhoe. 
Leather, which will go ſo cloſe to the 
Cylindre, that ict will need to be very 
forcibly knock'd and ram'din, it at any 
time it be taken out, which is therefore 
done, that it may the more exaatly hin- 
der the Air from infinuating ic ſelf be- 
twixt it and the ſides of the Cylindre 
whereon it is to move. 

To the.midiſt of this former part of the 
Sucker 1s. ſtrongly faſtaed the other, 
namely a thick and narrow plate of Iron, 
(55) ſomewhat longer then the Cylindre, 
one of whole edges is (mooth, bttatthe 
other edge it is indented ( as I may fo 
ſpeak) witha row of teeth delineated > 
Y | rac 
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| (14) 
the Scheme," into- whoſe intervals ate to 
be fitted, the" reeth. of a ſmafl-Iron nut; 
{«5)las Tradeſ-men callit):which is faſt- 
ned by twoſtaples' (22) tothe under fide 
of the formerly mention'd_ tranſverſe 
board (222) on which the Cylindre reſts, 
andis turn'd to and fro by the third piece 
of this Pump; namely , the handle or 
yanubriam, (7) of which the'Figure gives 
a ſufficient deſcription. © 
The fourthand laſt part of this Cylin- 
dre,' is the Valve, (R) 'conliſting of a 
hole bored through at the topof the Cy- 
lindre, a liccle tapering towards the cavi- 
ty; into which holeis grounda tapering - 
Peg of braſs, to be thruſt in; and taken 
out at pleaſure, CELLS 
The Engine being thus deſcrib'd, it 
will be requiſite to-adde, that fomething 
s wont to be done before it be ſet on 
work, for the more eafie moving of the 
Sucker, and for the better excluſion of 
the outward Air : which when the Veſlel 
begins to be exhauſted, is much more dif - 
ficult ro be kept our then one would eaſt- 
ly imagine. | ; 
There muſt then be firſt powr'd in at 
the top of the Receiver alittle fallad oyl, 
partly. to fill up-any (mall. iatervalls that 
mw may . 
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(15) 

may{happen to be betwixt tlie contigu- 
—_— of the internal parts of Nh 
Stop-cock: And partly that it may- be 
the more cafe to turn the Key (S) back- 
wards and forwards. Pretty ſtore of oyl 
mult alſo be pour'd into che Cylindre ; 
both that the Sucker may ſlip up and 
down 11 it the more ſmoothly and freely, 
and that. the Air might be the better . 
hindred from getting in. between them - 
And for thelike reaſons, alittle oyt is to 
be uſed alſo about the Valve. Upon 
which occaſion, it would not be'omitted 
(for it is ſtrange) that oftentimes; when 
neither the pouring in of water, nor even 
of oylalone,: prov'd capable to meke the 
Sucker move eafily enough in the Cylin- 
der; a mixture of both thoſe Liquors 
would readily (ſometimes even to admi- 
ration) perform the deſired effett. And. 
laſtly, the braſs cover of the Receiver, 
being put into the brals ring formerly de- 
{crib'd , that no Air may get between 
them, it will be very requiſite to plaiſter 
over very carefully the upper edges of 
both, with the plaiſter formerly mention- 
ed, or ſome other as cloſe, which is to be 
{pread upon the edges with a hot Irons 


that being melted, ic may rug into _ 
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(176) | 
fill op all the crannies, or other little ca- 
vities, at which the - Air-might otherwiſe 
per entrance. 

All things being thus fitted, and the 
lower ſhank (Q) of the ſtop-cock being 
put into the npper Orifice of the Cylin- 
der(8&), into which it was exactly ground 
theExperimenter is firſt, by turning the 

- handle, ' to force the-Sucker to the top of 
the Cylinder, that there may be no Air 
| left inthe upper part of it » Then ſhut- 
ting the Valve with the Plug, and turning 
the other way, he is to draw down the 
Sucker to the bottom of the Cylinder 
by which motion of the: Sucker, the Air 
thit was formerly in the Cylinder being 
thruſt ont, and none being permitted to 
ſucceed in its room, *tis manifeſt that the 
cavity of the Cylinder muſt be empty, 
in reference to the Air ; So that if chere- 
upon the Key of the Stop- cock be (o 
tarn'd, as that through the perforation of 
it, a free paſſage be opened berwixt- the 
Cylinder and the Receiver , pate of the 
Air formerly contain*d in the Receiver, 
will nimbly deſcend into che Cylinder. 
And this Air, being by the turning back 
of the Key hinder'd from the returning 
into the Receiver, may, bythe _"— 
- 


— F*71J 
he Valve,and forcing up of the Sack- 


| he rop of the Cylinder again, be 


en out into the open Air. And thus 
the repetition of the motion-of the 

er upwardand downward, and by op- 
Wanely turning the Key, and ſtopping 

alve, as occaſion requires, more or 
WAir may be ſuck'd out of the Receiz 

according to the exigency of the Ex- 
Wear, and the intention of him that 
S It, | | : 
r Lordſhip will, perhaps, think that 
e been unneceſſarily prolix in this 
art of my Diſcourſe: But if you 
en how many unexpected difhcul- 


ve found co keep our the externall 


even tor alittle while, when ſome 
Mderable part of the internal had been 
& our; You would peradventure al- 
} that I might have ſer down more 
ſtances then I have, without ſet- 
own any , whoſe knowledge, he that 
ry the Experiment may not have 
}f,- Which is ſo true, that, before we 
d any further, I cannot think it un- 
able to advertiſe Your Lordſhip, 
ere are two chiet ſorts of Expert- 
, Which we defign'd in our Engine 
xe tryal of : CE ſuch as m— 

: e 
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(76) 

fill opall the crannies, or other lictlj| | 
vities, at which the - Air might othg w1 | 
per entrance. J% |; 

All things being thus fitted, a&{zy; 

lower ſhank (Q) of the ſtop-cock bei 
putinto the upper Orifice of the Cyli 
der(8), into which it was exactly groun 
theExperimenter is firſt, by turning t 

- handle, ro force the-Sucker to the top « 
the Cylinder, that there may be no / 
left in the upper part of it » Then ſhu 
ting the Valve with the Plug, and turnir 
the other way, he is to draw down ti 

| Sucker to the bottom of the Cylinde 
by which motion of the: Sucker, the £ 


that was formerly in the Cylinder bei 
thruſt 'out, and none being permitted 
ſucceed in its room, *tis manifeſt that t 
covey of the Cylinder muſt be empt 


in reference to the Air : So that if the 
upon the Key of the Stop: cock be 
turn'd, as thatthrough the perforation 

it, a free paſſage be opened betwixt: 
Cylinder and the Receiver, pate of & 
Air formerly contain'd in the Receiv 
will nimbly deſcend into the Cylind 
And this Air, being by the turning b: 
of the Key hinder'd from the returnjas- 
into the Receiver, may, bythe ope 


(17) 
of the Valve,and forcing up of the Sack- 
er tothe top of the Cylinder again,” be 
\ - driven out into the open Air. And thus 
” by the repetition of the motion-of the 
£ Sucker upwardand downward,and by op- 
$ portunely turning the Key, and ſtopping 
the Valve, as occaſion requires, more or 
leſs Air may be ſuck'd out of the Receis 
ver, according to the exigency of the Ex+- 
periment, and the jntention of him that 
makes It. | = ; 
S Y@r Lordſhip will,perhaps,think that 
I have been unneceſſarily prolix in this 
firſt part of my Diſcourſe: But if you 
had ſeen how many unexpected diffcul- 
ties we found to keep our the externall 
Air, even for alittle while, when ſome 
conſiderable part of the internal had been 
ſuckr out; You would peradventure al- 
low, that I might have ſet down more 
circumſtances then I have, without ſet- 
ting down any , whoſe knowledge, he that 
ſhall try the Experiment may not have 
need of. Whichis ſo true, that, before we 
| proceed any further, I cannot think it un- 
{ealonable to advertiſe Your Lordſhip, 
that there are two chiet ſorts of Experi- 
ments, which we deſign'd in our Engine 
to make tryal of : tang ſuch as my 
: | j 


We 


(18) 
be quickly diſpatchr, and therefore may 
be try'd in our Engine, —_— it leaka 

licclez becauſe rhe Air may be faſter drawn 
ont, by nimbly plying the Pump, then 
it can get inat undiſcern'd leaks , I ſay at 
undiſcern'd leaks, becauſe ſuch as are big 
enough to be diſcover'd can ſcarce be un- 
ealie to be ſtopt. The other ſort of Ex- 
periments conſiſts of thoſe that require. 
nor onely that the internal Air be drawn 
out of the Receiver, but that it be like- 
wiſe for along time kept out of ir Such 
are the preſervation of Animal and o- 
ther Bodies therein , che germination and 
growth of Vegetables, and other tryals 
of ſeveral ſorts, which it is apparent can- 
not bewell made unleſs the external Air 
can, for a competent while, be excluded : 
Since evenat a very {mall leakthere may 
enough get in, to make the Yacuwm ſoon 
looſe that name; by which I here declare 
once for all, that I underſtand nor a ſpace 
wherein there is no body at all, but ſuch 
as is either alcogether, or almoſt cotally 
void of Air, 

— Now this diſtinftion of Experiments 

I thought fic to premiſe to the enſuing 

Narratives, becauſe upon tryal, we found 


1t 10 exceeding(and (ſcarce imaginable)dit- 
ficulc 
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(19) | 
ficult a matter, to keep out the Air from 
vetting at all inat any imperceptible hole 
or aw whatſoever, in a Vellcl immedi 
ately ſurrounded with the compreſled At. - 
molphere, that ig ſpight of all our care 
and diligence, we never were able totally 
to exhault the Receiver, or keep it when 
it was almoſt empty, any conſiderable 
time,from leaking more or leſs: although 
(as we have lately intimated)by unwearyed 
quickneſs in plying the Pump, the inter- 
nall Air can be much faſter drawn out 
then the external can get in, till the Re- 
ceiver came to be almoſt quite empty, 
And that's enough to enable men to dif- 
cover hitherto unobſerved Phenomena of 
Nature. | | 

The Experiments therefore of the firſt 
ſort, will, I fear, prove the onely ones 
wherewith my Avacations will allow me 
coentertain Your Lordſhip in this Letter, 
Far till your further Commands ſhall en- 
gage me to undertake, by Gods permiſ- 
{i0n, ſuchan Employment, and more lea- 
ſure ſhall better fit me for it, I know not 
whether I ſhall be ina condition to try 
what may be done, ta enable me to give 

ou ſome account of the other fart of 


xperiments alſo. 
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| | * 
T O proceed-now to the Phenomena, 
exhibited tous by the Engine above 


_ deſcribed; [ hold it not unfit to begin 


with what does conſtantly and regularly 
offer it ſelf to our obſervation,as depend- 
ing upon the Fabrick-of che Engine it ſelf, 
and not upon the nature of this or that 
particular Experiment which 'tis employ- 
edtotry. ' 


Fiſt, Then upon the drawing down 


of the Sucker, (the Valve being ſhut) the 
Cylindrical ſpace, Jeſerted by the Sucker, 
js left devoid of Air; and therefore, up- 
on the turning of the Key, the Air con- 
tained in the Receiver ruſhes into the em- 
ptyed Cylinder, cill the Air in both thoſe 
Veſlels - be brought .to about an equal 
meaſure of dilatation. And therefore, 
upon ſhutting the Receiver by returning 
the Key, if you open the Valve,and force 
up the Sucker again, you will finde, that 
after this firſt exſuction you will drive 
out almoſt a whole Cylinder full of Air : 
But at the following exſuctions, you will 
craw leſs and leſs of Air out of the Recei- 
ver into the Cylinder, becauſe rhar there 
will {till remain leſs and leſs Air in the 

bo Receiver 
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(21) 
Receiver it ſelf; and conſequently, the 
Particles of the remaining Air, having 
moreroom to extend themſelves in, will 
leſs preſs out one another, This you will 
eaſily perceive, by finding, that you ſtill 
force leſs and leſs Air out of the Cylin- 
der; ſo that when the Receiver is almoſt 
exhauſted, you may torce up the Sucker 
almoſt to the rop of the Cylinder, be- 
fore you will need to unſtop the Yalve to. 
let out any Air : Aad if ac ſuch time, the 
Valve being ſhut, you ler go the handle of 
the Pump, you will finde the Sucker for- 
cibly carryed up to the top of the Cylin- 
der, by the protruſion of the external Airs 
which, being mach leſs rarified then that 
within the Cylinder, muſt have a more 
forcible preflure upon the Sucker, .then 
the internal is ableto reſiſt: And by this 
means you may know how far you have 
empryed the Receiver. And to this we 
may adde, on this occaſion, that conſtant- 
ly upon the turning of the Key to let out 
the Air trom the Receiver, into the em- 
ptied Cylinder, there is immediately pro+ 
duced a conſiderably brisk ngiſe, eſpeci- 
ally whil'{t chereis any plency of Air in 
the Receiver. 
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Eor the more eafie underftanding of the 
Experiments tryable by our Engine, I 
thought it not ſuperfluous, nor unſeaſon- 
able 1a the recital of this firſt of rhem, to 
in{ingate that notion by which it ſeems 
likely thar maſt, if not all, of them will. 
prove explicable. Your Lordſhip wall 
eaſily ſuppoſe, that the Notion I ſpeak 
of is, That there is a Spring, or Elaſti- 
cal power inthe Air we live in, By which 
mernp or Spring of the Air, that which 
I mean is this : That our Air either con- 
fiſts of, or at leaſt abounds with, parts of 
ſuch a nature, that in caſe they be bent or 
compreſſ'd by the weight of the incum- 
bent part ofthe Armoſphere,or by any 0- 
ther Body, they doendeavor, as much as 
1n them lies, to free themſelves from thar 
preſſure, by bearing againſt the contigu- 
ons Bodies that keep them bent ; and, 
aſoon as thoſe Bodies are remoy'd or 
reduced to give them way, by preſently 
unbending and ſtretching out themſelves, 
either quite, or ſo far forth as the con- 
tiguous Bodies that reſiſt them will per- 
mit, and thereby expanding the whole 
parcel of Air, theſe elaſtical Bodies com- 


This 


This Notion may perhaps be ſome- 
what further explain'd, by conceiving che 
Air near the Earth ro bz ſucha heap of 
little Bodies, lying one upon another, as 
may be reſembled to a Fleece of-Wooll. 
For this (to omit other likeneſles betywixrt 
them) conſiſts of many ſlender and flexi- 
ble Hairs z ezch of which, may 1ndee 
like alittle Spring, be eaſily bent or roul- 
edup; butwill alſo, like a Spring, be 
ſtill endeavouring to ſtretch ir ſelf ouc 
agaih. For though both theſe Hazes, 
and the Aerial Corpuſcles to which we 
liken them, do eaſily yield to externall 
preſſures; yet each of them (by vertueof 
its ſtructure) is endow'd with a Power or 
Principle of felt- Dilatation z by verrue 
whereof, though the hairs may by a Mans 
hand be bent and crouded cloſer together, 
and into a narrower room then ſuics beſt 
with the nature of che Body - Yer whil'ft 
the compreſhon laſts, rhereis inte fleece 
they compoſe an endeavour outwards , 
whereby it continually chruſts againſt rhe 
hand chat oppoſes its Expanſion. And 
upon the removall of the external pref- 
ſure,by opening the hand more or lefs,the 
compreſſed W ooll does, as it were, {pom- 
taneouſly expand or diſplay it ſ-If towards 
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the recovery of its former niore looſe and 
free condition, till the Fleece have et- 
ther regain'd its former Dimenſ1ons, or 
at leaſt, approach'd them as near as the 
_comprefling /hand (perchance not quite 
open'd) will permic. This Power of 
ſelf- Dylatation,is ſomewhat more conſpi- 
cuous in adry Spunge compreſl'd, then . 
in a Fleece of Wooll . But yet we ra- 
ther choſe to imploy the latter, on this 
occaſion, becauſe it is not like a Spunge, 
an entire Body, but a number of ſlen- 
der and flexible Bodies, looſely com- 
plicated, as the Air it ſelf ſeems to 


i # 


There is yet dnother way to explicate 
. the Spring of the Air, namely, by ſuppo- 
{ing wich that moſt ingenious Gentleman, 
Monſieur Des Cartes, That the Air is no- 
thing bur a Congeries or heap of ſmall 
and (for the moſt part) of flexible Parti- 
cles; of Teveral ſizes,and of all kinde of Fi- 
gures which are rai{*d by heat (eſpecially 
that of the Sun ) into that fluid and 
ſubtle Etheriall Body that ſurrounds 
the Earth; and by the reſtleſſe agi-_ 
ration of that Celeſtial Matter where- 
in thoſe Particles ſwim , are fo whirl'd 
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round, that each Corpuſcle endeavours 
to beat off all others from coming within 
the little Sphear requiſite to its motion 
about its own Center; and (incaſeany, 
by intruding 1nto that Sphear ſhall op- 
poſe its free Rotation) to expell or drive 
it away : SO that according to this Do- 
rine, it imports very little, whether the 
particles of the Air have the ſtructnre re- 
quifite to Springs, or be of any other 
form (how irregular ſoever) ſince their 
Elaſtical power is not made to depend 
upon their ſhape or ſtructure, bur upon 
the vehement agitation, and (as it were) 
| brandiſhing motion, which they receive 
from the fluid Etber that (ſwiftly flows 
between them, and whirling about each 
of them (independently from the reſt) 
not onely keeps thoſe ſlender Aerial 
Bodies ſeparated and ſtretchr out (at leaſt, 
as far as the Neighbouring ones will per- 


mit ) which otherwiſe, by reaſon of 


their flexibleneſs and weight, would 
flag or curl, but alſo makes, them hit 
againſt, and knock away each other, and 
conſequently require more room , then 
that which if they were compreſl'd, they 
would take up. — A, 
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By theſe two differing ways, my Lord, 
may the Spring of the Air be explicated. 
But though the former of them be that, 
which by reaſon of its ſeeming ſomewhat 
moreeafie, I ſhall for the moſt part make 
uſe of in the following Diſcourſe : yet 
am] not willing to declare peremptorily 
for either of them,againſt the other. And 
indeed, though I have in another Treatiſe 
endeavoured to make it probable, that the 
returning of Elaſtical Bodies (if I may fo 
call them) forcibly bent, to their former 
poſition, may be Mechanically explica- 
ted - YetI muſt confeſs, that to deter- 
mine whether che motion of Reſlicntion 
1n Bodies, proceed from this, That the 
parts of a Body of a peculiar StruQure 
are put into motion by the bending of the 
{pring,or from the endeavor of ſome ſub- 
tle ambient Body, whoſe paſſage may be 
oppol'd or obſtructed, or elſe it's prefſure 
unequally reſiſted by reaſon of the new 
ſhape or magnitude, which the bending of 
a Spring may give the Pores of it: To 
determine a ſay, ſeems ro me a mat- 
ter of more difficulty, then ac firſt fight 
one would eaſily imagine it. Wherefore 
I ſhall decline medling with a ſubject; 
which is much more hard to be —_ 
red, 
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(27) I 
ted; then necefſary ro be ſo, by him; 3 
whoſe buſineſs it is nor, in this Letter, to I 
affign the adequate cauſe of the Spring of | 
the Air, bat onely to manifeſt, Thar the 
Air has a Spring, and to relate ſome of 
its effects. 

I know not whether I need annex thar, 
though either of the above-mention'd 
Hypotheſes , and perhaps ſome others, 
may afford us an account plauſible enough 
of rhe Air-ſpring ; yet I doubc, whether 
any of them gives us a ſufficient account 
of its Nature, And of this doubt, I 
might here mention ſome Reaſons, but 
that, ptradventure, I may (God permit- 
ting) have a fitter occafion to ſay ſome- 
thing of it elſewhere. And therefore I 
ſhould now proceed to the next Experi- 
ment, but that think ir requiſite, firſt, 
to ſuggeſt ro your Lordſhip'what comes 
into my thoughts, by way of Anſwer to 
a plauſible Objection, which I forefee you 
may make againſt our propoſ'd Dorine, 
touching the Spring of the Air. For it 
may, be alleadged, thas- though the Air 
were granted to/ confiſt of Springy Par- 
ticles (if I may ſo ſpeak) yer thereby 
we could onely give an account of the 
SOS We AC EGO 
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other pneumatical Engines: wherein the 
Air has been compreſl'd, and its Springs 
violently bent by an apparent externall 
force.z upon the removall of which; "tis 
no wonder that the Air ſhould, by'the 
motion of reſtitution, expand it felf till 
it haverecovered its more natural dimen- 
fions ;. whereas inour above-mentioned 
firſt Experiment, and in almoſt all others 
tryable in our Engine, it appears not 
that any comprefſion of the Air prece- 
dedits {pontaneous Dilatation or Expan- 
fionof it ſelf. To remove this difficul- 
ty, I muſt defire Your Lordſhip to take 
notice, that of whatever nature the Air, 
very remote from the Earth, may be, and 
whatever the Schools may confidently 
reach to the contrary, yet we have divers 
Experiments to evince, that the Atmaſ- 
phere we live 1n is not (otherwiſe then 
comparatively to more ponderous Bodies) 
light, but heavy : And did. not their 
gravity hinder them, it appears not why 
the ſteams of che Terraqueous Globe, of 
which our Air in great part conſiſts, 
ſhould not riſe much higher then the Re- 
fraction of the Sun,' and; other Stars 
give men ground to think, that the Ar- 
molphere, evenia the judgement ot thoſe 
= __ Recent 
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Recent Aſtronomers, who ſeem willing 
to enlarge its bounds as much as they dare, 
does reach. 
|  Butleſt you ſhould expeR my ſeconding 

this Reaſon by Experience z and leſt you 
ſhould obje&t, That moſt of the Experi- 
mets that have been propoſ'd ro provethe 
gravity of the Air,ha7e been either barely 
propol('d, or perhaps not accuratly try'd, I 
am content, before I paſs further,to menti- 
on here, That I found a dry lambs- bladder 
containing near about two thirds of a pint, 
and compreſi'd by a packthred tyed:about 
it, to looſe a grain and the eighth part of 
a grain of its former weight, by the receſs 
of the'Air upon my having prickt it: And 
this with a pair of Scales, which when the 
full Bladder and the correſpondent weight 
were init, would manifeſtly turn either 
way with the 32 part of a grain,. Andif 
it be: further objected, That the Air in 
the Bladder was violently compreſl'd by 
the 'Pack-thred and the fides of the 
Bladder, we might probably (to wave 
prolix anſwers) be furniſh'd with a Re- 
ply, by ſetting down the differing weight 
of our Receiver, when empty'd and when 
full of uncompreſl'd Air, if we could here 
procure ſcales fat for ſo nicean ex ay 
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fince weare informed, that in the Germas 
Experiment, commended at the begin. 
ning of this Letter, the Ingenious Tryers 
of it found, That their Glals Veſſel, of 
the capacity of 32 meaſures, was. lighter 
when the Air had been drawn out: of it, 
then before, by no leſs then one ;Qunce 
and +. that is, an ounce and very near 4 
third - | But of thegravity of the Air, we 
may elſewhere have occaſton to make fur- 
ther mention. 
Taking it then for granted that the Air 

is not devoid of weight, 1t will not be 
uneaſie to conceive, that that part of the 
Atmoſphere wherein we live, being the 
lower part of it, the Corpulcles that com- 
poſe it, are very much compreſi*d by the 
weight of all thoſe of the likenature that 
are directly over them, that 1s, of all the 
Particles of Air, that being pil'd up up- 
on them, reach to the tap of the Atniol(- 
phere. And though the height of this 
Atmoſphere , according to the famous 
Kepler, and {ome others, ſcarce exceeds 
eight common miles ; yet other eminent 
and later Aſtronomers, would promote 
the confines of the Atmoſphere, ro ex- 
ceed fix or ſeven times that number of 
miles. And the diligent and Jearned 
|  RRiviols 
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RIviolo makes it probable, that the At- 
moſphere _y; at leaſt in divers places, be 
at leaſt 50 miles high. So that according to 
2 moderate eſtimate of the thickneſs of 
the Atmoſphere, we may well ſuppoſe, 
that a Column of Air, of many miles in 
height, leaning upon' ſome ſpringy Cor- 
pulcles of Air here below , may have 
weight enough to bend their little ſprings, 
and keep them bent: As, to reſume our 
farmer compariſon,if there were fleeces of 
Wooll pil dup to a mountainous height 
upon one another, the Hairs that com+ 
pole the lowermoſt locks which ſupport 
the reſt, would, by the weight of all the 
Wool above them, be as well ſtrongly 
compreſſed, as if a man ſhould (queeze 
chem together in his hands, or imploy an 
{uch other moderate force to comprels 
them. So that we need not wonder, that 
upon the _ off the incumbent Air 
from any parcel of the Acmoſphere here 
below, the Corpulſcles, whereot that un- 
dermoſt Air confiſts,ſhould diſplay them- 
_ and take up more room then be- 
ore. 

And if it be objeRed, That in Water, 
the weight of the upper and of the lower 
part is the ſame; I anſwer, That ve 
that, 
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that it may be well doubted whether the 
obſervation, by reaſon of the great diffi» 
culty have been exactly made, there is a 
manifeſt diſparity betwixt the Air and 
Water: For I havenot found, thae upon 
an Experiment purpoſely made, (and in 
another Treatiſe Recorded) that Water 
will ſuffer any conſiderable compreſſion 
whereas we may obſerve in Wind-Guns 
(ro mention now no other.Engines) that 
the Air will {ſuffer it ſelf co be crouded in- 
toa comparatively very little room in 


fo much, that a very dil:gent Examiner 


of the Phenomena of Wind- Guns would 
have us believe, that in one of them, by 
condenſation, he reduc'd.the Air into a 
ſpace ar leaſt eighc times narrower then ic 
before pofleſt. And to this, if we adde 
a noble Phenomenon of the Experiment 
De Yacwo ; theſe things pur together,imay 
for.the preſent ſuffice to countenance our 
Doctrine. For that noble Experimenter, 
Monſieur Paſcal (the Son) had the com- 
mendable Curioſity to cauſe the Torri- 
cellian Experiment to be try'dat the foot, 
about the middle, and at the top of that 
bigh Mountain (in Auvergne, if f miſtake 
not) commonly call'd Le Puy de Domme 3 
whereby it was found, That the Hercory 
'n 
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in the Tube fell down lower, about three 
inches, at the'top of the Mountain then 
atthe bottrom. And a Learned Man a 
. while ſince inform'd me, That a Fx 
Virtuoſo, friend to us both, has, withnot 
unlike ſucceis, tryed the ſame Experi- 
ment in the lower and upper parts of a 
Mountain in the Weſt of Ezeland: Of 
which,the reaſon ſeems maniteſtly en@ugh 
ro be this, That upon the tops of high 
Mountains, the Air which bears againſt 
the reſtagnant Quick-lilver, is leſs prefſd 
by the leſs ponderous incumbent Air and 
conſequently is not able totally to hinder 
the deſcent of ſo tall and heavy a Cylin- 
der of Quick-filver, as at the bottom of 
ſ{uch Mountains did but maintain ane/£quz- 
librium with the incumbent Artmoſphere.: 

And if it be yet further ObjeQted a- 
o2inſt what hath been propoſ'd touching 
the compactnels and preſſure of the Infe- 
rior Air z That we finde this. very Air to 
yield readily to the motion of little Flies, 
and even to that of Feathers, and ſuch o- 
ther lighcand weak Bodies ; which ſeems. 
ro argue, that the particles of our Air are 
not ſo compreſl*d as we have reprefented 
them, eſpecially, ſince by our former 
Experiment it appears, that the Air rea- 
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(34) 
dily dilated it ſelf downward, from the 


Receiver into the Pump, when 'tis plain, | 


_— is not the incumbent Armoſphere, 
| but onely the ſubjacent Air in the braſs 
Cylinder that has been remov'd : If this, 
I , be objected, we may reply, That 
when aman ſqueezes a Fleece of Wool in 
his hand, he may feel that the Wool in- 
ceſſantly bears againſt his hand, as that 
which hinders the hairs it conſiſts of, to 
recover their former and more natural ex- 
tent, Soeach parcel of the Air abour the 
Earth,does conſtantly endeavour to thruſt 
away All thoſe contiguous Bodies, whe- 
ther Aerial or more groſs, that keep 
them benc, and hinder the expanſton of 
Ks parts, which will dilate: themſelves or 
flie abroad towards that part, whether up- 
wards or downwards , where they finde 
their attempted Dilacacion of themſelves 
leſs reſiſted by the neihgboring Bodies, 
Fhus che Corpuſcles of chat Am we have 
been all this while ſpeakiog of, being un- 
able, by reaſon of their weight, to afcend 
above the Convexity of the Armolphere, 
and by reafon of the reſiſtance of the ys, 
tace of the Earth-and Water, to fall down 
lower, they are forced, by their owa gra- 


vity and this reſiſtance, to expand "and 
diffuſe 
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diffuſe themſelves about the Terreſtiat 
Globe; whereby it comes to paſs, that 
they muſt as well preſs the contiguous 
Corpuſcles of Air chat on either fide op- 
pole their Dilatation, as they muſt preſs 
upon the ſurface of the Earth," and, as it 
wererecoyling thence, endeavor to thruſt 
away thoſe upper particles of Air that 
lean upon them, 
Aad as for the ealie yielding of the Air 
to the Bodies that move init, if we con- 
{1der that the Corpuſcles whereof it con- 
fiſts, though of a ſpringy nature, .are yet 
ſo very ſmall, as to make up (which 'tis 
manifeſt they doe) a fluid Body, ic will 
not be difficult to conceive, that in the 
Air, as in other Bodies that are fluid, the 
lictle Bodies it conſiſts of are inan almoſt 
reſtlels motion, whereby they become = 
(as we have more fully diſcourſed inano- 1» Diſ- 
ther Treatiſe) very much diſpoſed. in 
yield toother Bodies, or eaſie to be diſ- F498 
plac'd by them, and that the ſame Cor- 
puſcles are likewiſe ſo variouſly. moy'd, as 
they are intire Corpuſcles, that if ſome 
ſtrive to puſh a Body plac'd among them 
towards the right hand (for inſtance) 
others, whoſe motion has an oppoſite de= 
termination, as ſtrongly thruſt the ſame 
D 2 Body 
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Body towards the left; whereby neither 
of them proves able to move it out of 
ics place, the preſſure on all hands being 
reduced as it were toan e Equilibrium: {0 
that the Corpulcles of the Air muſt be as 
- well ſometimes conſidered under the no- 
tion of little Springs, which remaining 
bent, are in their entire bulk tranſported 
from place to place; as under the notion 
of Springs diſplaying themſelves, whole 
parts flie abroad whilſt as to their entire 
bulk they ſcarce change place: As the 
two ends of a Bow, ſhot off, fly from one 
another, whereas the Bow it ſelf may be 
held faſt in the Archers hand; and thar it 
1s the equal preſſure of the Air on all ſides 
upon the Bodtes that are in ir, which cau- 
ſes tlie eaſte Cefſion of its parts, may be 
argu'd from hence: That it by the help 
' of our Engine the Air be bur in great 
Part , though not totally drawn away 
from one fide of a Body without being, 
drawn away from the other; he that ſhall 
think to rgove that Body too and fro, 2s 
eaſily as betore, will finde himſelf much 
miſtaken. 

In verification of which we will, todi- 
vert your Lordthipa little, mention here 
a Phenomenon of 'Oour Engine, which even 
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co divers ingenious perſons has at firſt 
ſight ſeem'd very wonderful, 


Ta thing that is wont to be admired, Zxperi- 
and which may pal(s for our ſecond ment 2. 
Experiment is this, That if, when the 
Receiver is almoſt empty, a By-ſtander 
be deſired toliftup the braſs Key(former- 
ly deſcribed as a ſtopple inthe braſs Co- 
ver) he will finde ita very difficulc thing 
to do (o, if the Veſlel be well exhauſted $ 
and even when but a moderate quantity of 
Air hes been drawn out, he will, when he 
has lifted it up a little, ſo that it is ſome- 
what looſe from the ſides of the lip or 
ſocket, which (with the help of a little 
oylhit exactly filled before, he will (I ſay) 
finde it ſo difficult to be lifred up, that 
he will imagine there is ſome great weight 
taſtned to the bottom of it. Andif (as 
{ometimes has been done for merriment} 
onely a Bladder be tyed to it, it is plea- 
{ant to ſee how men will marvail that ſo 
light a Body, filled at moſt bur with Air, 
ſhould ſo forcibly draw down their hand 
as if it were fill'd with ſome very ponder- 
ous thing : whereas the cauſe of this pret- 
ty Phenomenon (cems plainly enough ro 
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be onely this, That the Air inthe Recei. 
ver, being very much dilated, its Spring 
muſt be very much weakn'd, and conſe- 
quently it can bur faintly preſs up the 
lower end of the ſtopple, whereas the 
Spring of the external Air being no way 
debilitated, tre that a little lifts up the 


ſtopple muſt with his hand ſupport apreſ- 


fure equal to the diſproportion berwixt 
the force of the internal expanded Air,and 
that of the Atmoſphere incumbent upon 
the upper part of the ſame key or ſtopple: 
And ſo men being unuſ'd to finde any re- 
fiſtance, in lifting things up , from the 
free Air above them, they are forward to 
conclude that that .which depreſles their 
hands muſt needs be ſome weight, though 
they know not where plac'd, drawing be- 
neath it. 

And that we have not miſ-aſſign'd the 
caule of this Phenomenon ſeems evident 
enough by this; That as Air is ſuffer- 


ed by little and little to get into the Re- 


ceiver, the weight that a man fancies his 
hand ſupports is manifeſtly felt to decreaſe 
more and more, the internal Air by this 
recruit approaching more to an e/£quils- 
briuws with the external, till at length the 
Receiver growing again full of Air, the 

| - * "Ropple 


(39) 
ſtopple may be lifted up without any dif- 
ficulty ar all. | 

By ſeveral other of the Experiments 
afforded us by our Engine, the ſame no- 
tion of the great and equal preſſure of the 
free Air upon the Bodies it environs , 
might be here manifeſted, but that we 
think it not ſo fic to anticipateſuch Ex- 
periments: And therefore ſhall rather 
employ a few lines to clear upa difficulty 
rouching this matter, which we have ob- 
ſerv'd to have troubled ſome even of the 
Philoſophical and Mathematical Specta- 
cors of our Engine, who have wonder'd 
that we ſhould ralk of the Air exquilitely 
ſhut up in our Receiver, as if it were all 
one with the preſſure of the Atmoſpherez 
whereas the thick and cloſe body of the 
Gla(s, wholly impervious to the Air,does 
maniteſtly keep the incumbent Pillar of 
the Atmoſphere frompreſling in the leaſt 
upon the Air within the Glais, which it 
can no where come to touch. Toclua- 
datea little this matter, let us conſider, 
That 1f a man ſhould take a fleece of 
Wool, and having firſt by compreſſing it 
in his hand reduc'd it into agaurrower com- 
pals, ſhould nimbly convey and thut it 
cloſe up into a Box juſt fir for ir, though 
D 4 the 
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Ser bend thoſe numerous ſpringy Body's 
that compoſe the Fleece, yet they would 
continue as ſtrongly bent as before, be- 
cauſe the Box they are incloſ'd in would 
as much reſiſt their re-expanding of 
themſelves, as did the hand that put them 
in. For thus we may conceive, that the 
Air being ſhut up, when its parts are bent 
by the whole weight of the incumbent 
Atmoſphere, though that weight can no 
longer lean upon ir, by reaſon it is kept 
off by the Glaſs, yet the Corpulcles of 
the Air within that Glaſs continue as 


forcibly bent as they were before their in- 
cluſton, becauſe. the ſides of the Glaſs 


hinder them from diſplaying or ſtretch- 


ing out themſelves. And it it be ob- 
jected that this is unlikely, becauſe ev'n 
Glaſs bubles , ſuch as are wont to be 
blown at the flame of a Lamp, exceeding 
thin and Hermetically ſeal'd will nor 
break z whereas it cannot be imagin'd 
that ſo thin a Priſon of Glaſs could re- 
£1ſt theElaſtical force of all the included 
Air, it that Air were ſo compreſl'd as we 
ſuppoſe. It may be eaſily reply'd, That 


the preſſure of the inward Air againſt the 


Glaſs, is countervail'd by the equal preſ- 
EE Eo” ſure 


the force of his hand would then no lon- 


Hendm. 


a 


as 


_—— 


+ FEI BR NETS <7 5; TED EET EE One Cn Or | SS a $* +” a Aa 4 aac 


(4r) 

ſare of the outward againſt the ſame Glaſs. 
And we ſeein bubles, that by reaſon of 
this an exceeding thin film of Water is 
often able, tor a good while, to hinder the 
eruption of a pretty quantity of Air. And 
this may be alſo more conſpicuous in 
thoſe great Spherical bubles chat boyes 
ſometimes blow with Water, to which 
Sope has given a Tenacity.But that, if the 
preſſure of the ambieat Air were remov'd, 
the internal Air may be able to break 
thicker Glaſſes then thoſe lately men- 
tion'd,will appear by ſome of the follow- 
ing Experiments; to which we ſhall there- 
tore now haſten, having, I fear, been but 
too prolix in this Excurſion, though we 
thought ir not amiſs to annex to our firſt 
Experiments ſome general Confideratt- 
ons touching the Spring of the-Air, be- 
cauſe (this Doctrine being yet a ſtranger 
to the Schools) not onely we finde not 
the thing it ſelf ro be much taken notice 
of; bur of thoſe few that have heard of it, 
the greater part have been forward to re- 
jet ir, upon a miſtaken Perſwaſton, that 
thoſe Phenomena are the effects of natures 
abhorrency of a Yacuum, which ſeem to 
be more fitly aſcribeable to the weight 
and Spring of the Airs, | 


We 
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E will now proceed to obſerve that 
though, by che help of the handle, 
the Sucker be eaſily drawn down to the 
bottom of the Cylinder; yet, without 
the help of that Leaver, there would be 
required to the ſame effet, a force or 
weight great enough to ſurmount the 
preſſure of the whole Atmoſphere: Since 
otherwiſe the Aiy would not be driven out 
of its place, when none is permitted to 
ſucceed into the place deſerted by the 
Sucker, This ſeems evident, from the 
Known Torricel[ian Experiment,in which, 
if the inverted Tube of Mercury be but 
25 Digits high, or ſomewhat more, the 
Quick-filver will not fall but remain ſulſ- 
pended in the Tube; becauſe it cannot 
preſs the ſubjacent Mercury with (o great 
a force, as does the incumbent Cylinder 
of the Air reaching thence to the top of 
the Atmoſphere : Whereas, if the Cy- 
Iinder of Mercury were three or four digits 
' longer, it would over-power that of the 
external Air,and run out into the Veſlel'd 
Mercary, till the two Cylinders came to 
an e/fquilibrium, andno further. Hence 
we need not wonder , that though the 

2 7 wn 


4 


(43) 

Sucker moveeaſily enough np and down 
in the Cylinder by the help of the Maya» 
brium; yet if the Manubrium be taken off, 
it will require a conſiderable ſtrength to 
move it either way. Nor will ic ſeem 
ſtrange, that if, when the Valve and 
Stop-cockare well ſhut, you draw down - 
the Sucker, and then let go the Manubri- 
vm; the Sucker will, as it were of it (elf, 
re-aſcend to the top of the Cylinder,fince 
the ſpring of the external Air findes no- 
thing to reſiſt its preſſing up the Sucker, 
And for the ſame reaſon, when the Re- 
ceiver is almoſt evacuated, though, ha- 


ving drawn down the Sucker, you open 


the way from the Receiver to the Cylin- 
der, and then intercept that way again by 
returning the Key ; the Sucker will, up- 
on the letting go the Manubrium , be 
forcibly carried up almoſt to the top of 
the Cylinder : Becauſe the Air within the 
Cylinder, being equally dilated and weak- 
ned with that of the Glaſs, is unable to 
withſtand the preſſure of the external Air, 
_ till it bedriven into ſo little ſpace, thar 
there is an eAquilibrium betwixt its force 
_ and that of the Air without. And con» 
gruonſly hereunto we finde, that in this 
caſe, the Sucker is drawn down with _ 
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feſs difficulty, then if the Cylinder, be? 
ing devoid of Air, the Stop-cock were 
exaaly ſhut: We might take notice of 
ſome other things, that depend upon the 
Fabrick of our Engine it ſelf z but to ſhun 
prolixity, we will, in this place, content 
our ſelves to mention one of them, which 
ſeems to be of greater moment then the 
reſt, and it is this z that when the Sucker 
has been impell'd to the top of the Cylin- 
der, and the Valveis ſo carefully ſtopp'd, 
that there is no Air left in the Cylinder a- 
bove the Sucker : If then the Sucker be 
drain to the lower part of the Cylinder, 
he that manages the Pump findes not any 
ſenſibly greater difficulty todepreſs the Ill 
Sucker ,when it is nearer the bottom of the Ii - 
Cylinder,then when it is much further off. 
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to take notice of, becauſe an eminent Mo- 
dern Naturaliſt hath caught, that, when the Iſl 
Air is ſucked out of a Body, the violence 
wherewith it is wont to ruſh into it again, 
as ſoon as it is allow'd to re-enter, pro- ill | 
ceeds mainly from this ; 'That the preſſure Il 
of the ambient Air is ſtrengthned upon Ill | 
the acceſſion of the Air ſuck'd out;which, 
to make it ſelf room, forces the neighbor- 
ing Air to a violent-ſubingreſſion of its 
pats : which,it it were true, he that draws 
Lo 
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down the Sucker, would finde the reſiſt- 


ance of the external Air increa{'d as he 
draws it lower, more of the diſplaced Air 
being thruſt into it to compreſs it. But,by 
what has been diſcourſ'd upon the firſt 
Experiment, it ſeems more probable,that 
without any ſuch ſtrengthning of the preſ- 
{ure of the outward Air, the taking quite 
away or the debilitating of, the reſiſtance 
from within, may ſufhce to produce the 
effects under conſideration. But this will 
perhaps be illuſtrated by ſonie or other of 
our future Experiments , and therefore 
thall beno longer inſiſted on here, 


vos thus taken-notice of ſome of Eper:- 
the conſtant Phenomena of our En- 7 + 


cine it ſelf, let us now proceed to the Ex- 
periments tryable in it. 

We took then a Lambs Bladder large, 
well dry'd, and very limber, and leaving in 
it about half 2s much Air as it could con- 
tain, we cau{*d the neck of it to be ſtrong - 
ly ty'd, ſo that none of the included Air, 
though by preſſure, could get our. This 


and the Cover luted on; the Pump 
was ſet awork, and after two or three 


by the Spring of that which remain'd in 
© a 


Bladder being convey'd into the Receiver, + 


ex(utions of the ambient Air (where 


1 
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the Glaſs was weaken'd) the Impriſon'd 
| Air began to (well in the Bladder, and 4 
more and more of the Air in the Recei. 
ver was, from time to time,drawn out ; ſo 
did that in the Bladder more and more ex: 
pand it (elf, and diſplay the folds of rhe 
formerly flaccid Bladder:fo that before we 
had exhauſted the Receiver near ſo much 
as we could, the Bladder appear'd as full 
and ſtretched, as if it had been blown up 

with a Quill. TT 
And thac it may appear that this plump. 
neſs of the Bladder proceeded from the 
ſurmouattng of the debilitated Spring of 
the ambient Air remaining in the Velſlel, 
by the ſtronger Spring of the Air remain- 
ing in the Bladder ; we Return'd the Key 
of the Stop-cock,and by degrees allow'd 
theexternal Air to return into the Recei- 
ver: Whereupon it happen'd, as was ex- 
pected, that as the Air came in from with- 
our, the diſturb'd Air in the Bladder, was 
proportionably compreſl'd into a narrow- 
er room, and the ſides of the Bladder 
grew flaccid, till the Receiver having re- 
admitted its wonted quantity of Air, the 
Bladder appear'd as full of wrinkles and 

cavities as before. EY 

Lc This 
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This Experiment is much of the ſame 
nature with that which was ſome years 
agoe ſaid to be made by that eminent Ge- 
ometrician Monſieur Roberval , with a 
Carps Bladder empty'd and convey'dinto 
a Tube, whierein the Experiment De YVa- 
cuo was afterwards try'd, which ingeni. 


ous Experiment of his juſtly deſerves the 
thanks of thoſe that have been, or ſhall be 


{olicitous to diſcover the nature of the 


Air. 

But to return to our Experiment, we 
may take notice of this Circumſtance in 
it, That after the Receiver has been in 
ſome meaſure empty'd, the Bladder do's, 
at each exſuction, ſwell much more con- 
ſpicuouſly then it did at any of the firſt 
Exſucions; inſomuch that towards the 
end of the pumping, not onely a great 
fold or cavity in the ſurface of the Blad- 
dermay be made, even by the ſtretching 
of the inward ſelf-expanding Air : Bur 
we have ſometimes ſeen, upon the turn- 
ing of the Key to let the ambient Air 
paſs out of the Receiver into the Cyline 
der, we have ſeen (I ſay) the Air in the 
Bladder ſuddenly expand it (elf ſo much 
and(\o briskly, thatic manifeſtly lifred up 
ſome light Bodies thac lean'd upon ir, 

| an 


[2 
and ſeem'd to lift up the Bladder it 
ſelf. 

Now becauſe it has by very Learned 
Men been doubted whether the ſwelling 
of the Bladder may not have proceeded 
from the Dilatation of the included Air, 
but from the Texture of the Fibres, 
which, being wont to keep the Bladder 
extended when the Animal to whom it 
belong'd was alive, may be ſuppoſd in 
our Experiment to have return'd, like 0 
many Springs to their wonted extent, up- 
on the removal of the Ambient Air that 
compreſl'd and bent them : becauſe this, 
I ſay, has been doubted, we thought fic 
to make this further tryall. 

We let down into the Receiver with 
the fore-mentioned Bladder two other 
much \ſmaller, and of* the ſame kinde of 
Animal ; the one of theſe was not ty'd 
up at the neck that there might be liberty 
left to the Air that was not 1ſqueez'd out 
(which might amount to about a fitch 
part of what the Bladder held before) to 
paſs out into the Receiver : The other had 
the ſides of ir ſtrerch'd out and pref*d to- 
gether, almoſt into the form of' a Cup, 
that they might intercept the leſs Air be- 
ewixt them, and then was ſtrongly ty'd 
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op at theneck : This done, and the Air 
being in ſome meaſure ſuck'd out of the 
Pneumarical Glaſs (if I may ſo call it) . 
the Bladder, mention'd at the beginning 
of our Experiment, appear d extended e- 
very way to ics full Dimenſions ; whereas 

. neither of the two others did remarkably - 

(well, and that whoſe neck was not ty'd 
ſeem'd very little, if ar all leſs wrinkl'd 
then when it-was put in, 

We made likewiſea ſtrong Ligature a- 
bout the middle of a long Bladder part- 
ly empty'd, and upon the drawing the 
Air out of the Receiver, could obſerve 
no ſuch ſwelling betwixt the Ligatureand 
the Negk-&& the Bladder, which had been 
purpoſely left open, as betwixt the ſame 
Ligature and the bottom of the Bladder, 
whence the included Air could no way 
get Out. 

Bur a further and ſufficient manifeſtatt- 
on whence the intumeſlence of the Blad- 
der proceeds, may be deduc'd from the 
tollowing Experiment. 


' O try then at once both whart it was Experi- 
that expanded the Bladder, and what 7e»t 5- 

a powerful Spring there is ev'niin the Air 
| | = - we 
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we are wont to think uncompreſ{'d, we 
cauſ'da Bladder dry, well ty'd and blown 
moderately full, to be hung in the Recei- 
ver by one end of a ſtring, whoſe other 
end was faſtned to the infide of the C0o0- 
ver : and upondrawing out. the ambient 
Air, that prefſ'd on the Bladder; the in- 
ternal Air not finding the wonted refift- 
ance, firſt (well'd and diſtended the Blad- 
der, and then broke it, with ſo wide and 
crooked a reat, as if it had been forcibly 
torn aſſunder with hands. After whicha 
{ſecond Bladder being convey d in,the Ex- 
periment was repeated with like ſucceſs: 
AndT ſuppoſe it will not be imagin'd that 
in this caſe the Bladder was broken by its 
own Fibres, rather then by the Impri 
ſon'd Air, : 

Andot this Experiment theſe two Phe- 
n0mena may be taken notice of : The ane, 
that the Bladder art its breaking gave 2 

_ great report, almoſt like a Craker : And 
the other, That the Air contain'd in the 
Bladder, had the poiver to break it with 
the mention'd Impetuoliry, 'long before 
the ambient Air was, all or near all, drawn 
out of the Receiver, - 

But, to verifie what we ſay in another 
Diicourſe, where we ſhow, Thar even 
crue 
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true Experiments may , by reaſon of 
the ealje miſtake of ſome unheeded 
Circumſtance , be unſucceſsfully try'd 
we will Advertiſe, on this occaſion, 
that we did oftentimes in vain try the” 
breaking of Bladders, after the ma 
above- mention'd: Of which the cabfe 
appear'd to bethis, That the Bladders we 
could not break, having been brought us 
ready blown from thoſe that ſold them, 
were grown dry before they came to our 
hands: whence it came to paſs, that, if 
we afterwards ty'd them very hard, they 
were apt to fret and ſo become unſervice- 
able; andif we ty'd them but moderate- 
ly hard, their ſtiffneſs kept them from be- 
ing cloſ'd ſo exaly, bur that when the 
included Air had in the exhauſted Recei- 
ver diſtended them as much as eaſily ir 
could, it would in part get out between 
the little wrinkles of the SphinCer of tiſe 
Neck : Whence alſo it uſually happen'd, 
that, upon the letting in the Air from 
without, the Bladders appear'd more flac- 
cid and empty then before they were pur 
In; whereas when the Bladders were 
brought us moiſt from the Butchers, we - 
could, without injuring them, tye heir 
necks ſo cloſe, that none of the Air once 
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blown in, could get out of them, but by 
violently breaking them: | 

Ic will not be amiſs on this occaſion to 
point at ſomething which may delerve a 
more deliberate Speculation then we can 

now afford it; namely that the Elaſtical 
Power of the ſame Quantity of Air may 
be as well Encreaſ'd by the Agitation of 
the Acrial Particles (whether onely mo- 
ving them more ſwiftly and ſcattering 
them, or alſo extending or ſtretching 
them our, I determine not) within an 
every way incloſfing and yet yielding Bo- 
dy ; as Diſplay'd by the withdrawing of 
the Air. that prefſ'd it without. For we 
found that a Bladder, bur moderately 
fill'd with Air and ſtrongly ty'd, being 
a while held near the Fire,not onely grew 
exceeding turgid and hard, but atfter- 
wards , being approach'd nearer to the 
Fire, ſuddenly broke with ſo loud and ve- 
hement a noiſe, as ſtony'd thoſe that were 
by, and made us, fora while after, almoſt 
deat. 


adn, = n 
Elaſtical Power, we were next del! - 


rous to know in ſome meaſure how far a 
| parcel 


Aving thus ſeen that the Air has an 
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parcel of Air might by this its own Spring 
be dilated- And though we were not pro- 
videdof Inſtruments fit ro meaſure the 
dilatationof the Air any thing accurately, 
yet becauſean imperfe& mealure of ir was 
more deſireable then none art all, we de- 


viſdthe following Method as very eaſily 


practicable, 
| We took a limber Lambs Bladder 
which was thorowly wetted in fair Water, 
that the ſides. of it being {queez'd toge- 
ther, there might be no. Air left in its 
folds : (as indeed we could not afterwards 
upon tryal diſcern any) The neck of this 
Bladder was ſtrongly tryed about that of 
a ſmall Glaſs, (capable of holding five 


full drachmes of Water) the Bladder be- 


ing firſt ſo compretÞ'd, thar all the inclu- 
ded Air was onely in the Glaſs, without 
being preſl'd there; then the Pump be- 
Ing ſet awork after a few ex{ucions, the 
Air jn the little Viol began: to dilate 1£ 
ſelf and produce a ſmall Tumor in the 


Neck of the Bladder ; and as the ambl- 
ent Air was more and more drawn away, 


ſo the included Air penetrated further and 


further into the Bladder, and by degrees: 
lifted up the fides and diſplay'd its folds, 


till at length ic ſeem'd to have blown ic 
E 3 up 
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pp to its fall extent : whereupon the ex- 
ternal Air, being permitted to flow back 
into the Reciver, repul(*'d the Air that 
had fill'd the Bladder into its former nar- 
row receptacle, and brought the Bladder 
ro be again flaccid and wrinkled as before: 
Then taking out the Bladder, but with- 
- out ſevering it from the Glaſs, we did by 
a hole made at the top of the Bladder fill 
the Veſſel they both madeup with Wa- 
ter, whoſe weight was five Ounces five 
Drachmes and an half: Five Drachmes 
| Whereof were above-mention'd to be the 
contents of the Botthe.So that in this Ex- 
periment, when the Air had moſt extend- 
ed the Bladder, it poſſefl'd in all above 
nine times as much room as it did when it 
was put into the Receiver. And it would 
Py have much inlarg'd its bounds, 

ut that the Bladder by its weight and the 
ſticking together of its ſides did ſome- 
what refiſt its expanſion: And which was 
more conſiderable, the Bladder appear'd 
tumid enough, whilſt yet a pretty deal of 
Air was left in the Receiver, whole ex- 
ſuction would, according to out former 
Obſervation, probably have given way 
0a further expanſion of the Air, eff __ 
auy 
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ally ſuppoſing the dilatation not to be re- 
a d by the Bladder, 


Glace we wrote the other day the former 
i Experiment, we have met with ſome 
Glafles not very unfit for our purpoſe 
by means of which we are now able, with 
alittle more trouble, ro meaſure the ex- = 
panſion of the Air a great deal more ac- 
curately then we could by the help of the 
above-mention'd Bladder, which was 
much to narrow to allow the Air its ut- 
moſt diſtention. 
Wetook then firſt a Cylindrical Pipe 
of Glaſs, whoſe bore was about a quarter 
| of anInchin Diameter: this Pipe was {0 
' bent and doubled, that, notwithſtanding 
its being abour two foot in length, it 
might have been thur up into a (mall Re- 
ceiver, not a Foor high : But by miſ- 
fortune ir crack'd in the cooling, whereby 
we were reduced to make ule of one part 
which was ſtraight and ntire, but exceed- 
ed not fix or ſeven [nches, This little 
Tube was open at one end; and at the 
other, where it was Hermerically feal'd, 
had a ſmall Glaſs bubble to receive the 


Air whoſe dilatation was to be meaſar'd. 
E 4 _ Along 
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| Along the fide of this Tube was paſt. 
eda ſtraight narrow piece of Parchmencr, 
divided into twenty 11x equal parts, mark- 
ed with black Lines and Figures, that by 


them might be meaſur'd both the 1nclu- 


ded Air and its dilatation» Afterwards 
we fill'd the Tube with Water almoſt to 
the top, and ſtopping the open end with 
a Finger, and inverting the Tube, the 
Air was perinitted to-aſcend to the above- 
mention'd Glaſs bubble. And by rea- 


ſon this aſcent was very flow, 1t gave us 


the opportunity to mark how much more 
or leſs then one of the twenty f1x diviſt- 
ons this Air took up. By this means,at- 
ter a tryal or two, we wete inabled to con» 
vey to the top of the Glaſs a bubble of 
Air equal enough, as to ſight, to one. 
of thoſe Divifions : Then the open end 
of the Tube being put into a ſmall Viol, 
whoſe bottom was cover'd with Water 
about halt an Inch high; we included 
both Glaſſes into a ſmall and ſlender Re- 
ceiver, and cauſed the Pump to be ſet a- 
work. The event was, Thar at the firſt 
ex{uction of the Air there appear'd not 
any expanſion of the bubble, comparable 


to what appear'd at the ſecond, and that 


upon a very few exſuRtions the bubble 
ee =_ 
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reaching as low as the ſurface of: the ſub- 
jacent Water, gave us cauſe to think 
that if our Pipe had not been broken it 
would have expanded it ſelf much fur- 
ther : Wherefore we took out the little 
Tube, and found that beſides the twenty 
{ix diviſions formerly mention'd , the 
Glaſs bubble and ſome part of the Pipe 
to which the divided Parchment did not _ 
reach, amounted to 11x diviſtons more. 
Whereby it appears that the air had taken 
uP one and thirty times as much room as 
before, and yer ſeem'dcapable of a much 
oreater expanſion, it rhe Glaſs would 
have permitted it. Wherefore, atcer rhe 
former manner, we let in another bubble, _ 
that by our gueſs was but halt as big as 
the former, and found,' that upon the ex- 
ſuftion of the Air from the Receiver, this 
little bubble did not onely fill up the 
whole Tube, bur (in part) break through 
the ſubjacent Water in the Vio], and 
thereby manifeſt it ſelf to have poſleſſed 
fixty andoMe times its former room. 

Thefe two E xperityents are mention'd 
to make way for the more eaſte belief of 
that which is now to follow. Finding 
thenthat our Tube was toothort to ſerve 


our turn, we took a {lender Quill of Glaſs 
EE whuch | 
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which happen'd to be at hand, though ic 
were not (o fit for our purpoſe as we 
could have wiſhed, in regard it was three 
or four times as big at one end as the 0- 
ther, This Pipe which was thirty Inches 
long, being Hermetically ſeal'd at the 
ſlender end, was almoſt filled with Wa- 
ter ; andafter the above-related manner 
a bubble was convey'd to the top of it, 
and the open extream was put into a Viol 
that had a little fair Water at the bottom: 
Then the Cover, by means of a ſmall hole 
purpoſely made in it for the Glaſs Pipeto 
ſtand out at, was cemented on to the Re- 
ceiver, arid the Pump being ſet awork, 
atter ſome ex{uctions, not onely the Air 
manifeſtly appear'd extended below the 
{urface of the (ubjacent Water z but one 
of the By-ſtanders affirms, that he ſaw 
ſome bubbles come out at the bottom of 
the. Pipe and break through the W ater. 
This done, we left off Pumping, and ob- 
{crv'd how at theunperceiv'dleaks of the 
Receiver the Air got in ſofaſt, thatir 
very quickly impell'd up the Water ro 
the top of the Tube, excepting a little 
{pace whereinto that bubble was repul('d, 
which had fo lately poſleſl'd the whole 
Tube; this Air at the ſlender end ap- 
| pear'd 
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pear'd to be a Cylinder of . parts of an 
Inch in length ; but when the Pipe was 
taken ont and turn'd upſide down, it ap- 
pear'dat the other end inferior in bulk to a 
Ped. 

Thete things being thus done we took 
ſro make the Experiment the more ex- 


 a@tly) a ſmall pair of Scales, ſuch as Gold- 


Smiths uſe to weigh Gold Coynin ; and 
weighing the Tube and Water in it, we 
found them to amount to one Ounce thir- 
ty Grains and an half: Then we pour'd in 
as much Woerer as ſerv'd to fill up the 
Tube, wherein before we had lett as much 
ſpace unfill'd up as was poſ{e{d by the 
bubble, and weighing again the Pipe and 
Water, we found the weight increa('d 
onely by one Grain, Laſtly, pouring out 
the Water, and carefully freeing the Pipe 
from it (which yet we couldnot pertectly 
doe) .we weighed the Glaſs alone, and 
found it to want two Drachmes and thirty 
two Grains of its former weight: S0 
that the bubble of Air taking up the room 
but of one Grain in weight of Water, it 
appear'd that the Air by its own arp 
was (o rarified, as to take up one hundred 
fifty two times as much room as it did be- 
tore: though it were then compreſFd by 

nothing 
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nothing but the ordinary preſſure of the 
contiguous Air. I know not whetherir 
be requiſite to take notice, that this Ex- iſ p 
periment was made indeed in a moiſt © r 
Night, butina Room, in whoſe Chim- I 
ney there was burning a good Fire, which I t! 
did perhaps ſomewhat rarifie the Air of ||| fi 
which the bubble conſiſted. {i 
* Tr has ſeem'd almoſt incredible which is 
related by the Induftrious Merſennws, That 
the Air by the violence of heat, though 
as great as our Veſlels can {upport with- 
out fuſion, can be ſo dilated as to take up 
ſeventy times as much room as before: 
Wherefore becauſe we were willing to 
have a confirmation of ſo ſtrange a Pheyo- 
menon ; We once more convey d into the, 
Tube a bubble of the bigneſs of rhe tor- 
_ mer, and proſecuting the Experiment as 
before with the ſame Water, we obſerved 
that the-Air did manifeſtly ſtretch ir ſelt 
fo far, as to appear ſeveral times 2 good 
way below the ſurface of the Water in the 
Viol, and thar too with a ſurface very 
convex toward the bottom of the Pipe. 
Nay, the Pump being ply'd a little lon- 
ger, the Air did manifeſtly reach to that 
place where the bottom of the Tube 
iean'd upon the bottom of the Viol, and 
OE mn em ne fond 
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feem'd to knock upon it and rebound 
from it: Which Circumſtances we adde, 
partly that the Phenomenon we have been 
relating may not be imputed to the 
bare ſubfiding of the Water that fill'd 
the Tube, upon the taking off the preſ- 
ſure of the ambient Air. And partly al- 
ſo that it may appear that if our Expe- 
riments have not been as accurately made 
as with fitter Inſtruments might perhaps 
be poſlible; yer the expanſion of the 
Air is likely to be rather greater then 
lefler then we have made it : Since the 
Air was able to preſs away the Water at 
the bottom of the Pipe,though that were 
about two Inches below the ſurface of the 
Water that was then in the Viol, and 
would have been at leaſt as high in the 
Pipe, if the Water had onely ſubſided and 
not been depreſſed : So that it ſeems not 
unlikely that if the Experiment couJd be 
{o made, as that the expanſ1on of the Air 
might not be reſiſted by the Neighboring 
Bodies, it would yet inlarge its bounds, 
and perhaps ſtretch ir {elf ro two hundred 
times its former bulk, if not more. How- 
ever,what we have now try'd will, I hope, 
inffice to hinder divers of the Phenomena 
ot our Engine from being giſtruſted : 

| | ” omen. 
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Since in that part of the Atmoſphere we 
livein,that which we call the free Air (and 
preſume to beſo uncompreſl'd) is crouded 
into ſo very ſmall a part of that ſpace, 
which if it were not hindredit would pal. 
ſels. Wewould gladly have tryed alſo 
whether the Air at its greateſt expanſion 
could be further rarified by heat z but do 
what we could, our Receiver leak'd too 

_ faſt co ler us give our ſelves any ſatisfacti 
on in that particular. 
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Experi- 'Þ O diſcover likewiſe by the meansof 

ment 7. that preſſure of the Air, both the 
ſtrength of Glaſs, and how much inte: 
reſt the Figureof a Body may have in its 
greater or leſler Reſiſtance to the preſſure 
of other Bodys, we made theſe further 
tryals. 

We cau( d to be blown with a Lamp 1 
round Glaſs bubble, capable of contain- 
2 ing, by gueſs, about five Ounces of Wa- 
_ ter, with a flender neck about the bigneſs 

of a Swans Quill, and it was purpoſely 
blown very thin, as Viols made with 
Lamps are wont to be, that the thinnels 
of the matter might keep the roundnels 
of the Figure trom making the Veſlel roo 
LE ee ſtrong ; 
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ſtrong. Then having moderately empty - 
ed the Receiver, and taken it out of the 
Pump, we ſpeedily applyed to the Ori- 
fice of the bottom of it the Neck of the 
newly mention'd Glaſs,carefully ſtopping 
the Crannys with melted Plaiſter, that no 
Air might get in at them: And after 
curning the Key of the Stop.cock, we 
made a free paſlage for the Air to paſs ont 
of the bubble into the Receiver : which ic 
did with great celerity, leaving the bub- 
ble as empty as the Receiver ir ſelf; as ap- 
pear'd ro us by ſome Circumſtances not 
now to be infiſtedon. Notwithſtanding 
all which, the Veſſel, continuing as intire 
as before, gave us cauſe to wonder that 
the bare Raundneſs of the Figure thould 
inable a Glaſs, almoſt as thinas Paper, to 
reliſt ſo great a preſſure as that of the 
whole incumbent Atmoſphere. And ha- 
ving reiterated the Experiment, we found 
again that the preſſure of the ambient 
Body , thruſting all the parts inwards , 
mace them, by reaſon of their arched F:- 
gure, ſo ſupport one another, that tne 
Glaſsremain'd as whole as at firſt. 

' Now that the Figure of the Glaſs is 
of great moment in this matter, may be 
evinced by this other Expertment, __ 
| od, 
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V E took a Glaſs Helmet or Alem- 

bick (delineated by the ſeventh 
Figure) ſuch as Chymiſts ule in Diſtilla- 
tions, and containing by conjecture be. 
tween two and three Pints : The Roſirum 


or Noſe of it mark'd with (c) was Herme- 


tically cloſed; and at the top of it wasa 


| hole, into which was fitted and cemented 


one of the Shanks of a middle-11z'd Srop- 
cock; ſo that the Glaſs being turn'd up- 
ſide-down, the wide Orifice (which in 
common Glaſs-Helmets is the onely one) 
was upwards; and to that wide Ortfice 
was fitted a caſt- Cover of Lead, which 
was carefully cemented on to the Glaſs: 


'Then the other Shank of the Stop-cock 


being with Cement likewiſe faften'd into 
the upper part of the Pump, the exſucti- 
on of the Air was endeavoured, Bur it 
was not long before, the remaining Air 
being made much too weak to ballance 
the preſſure of the ambient Air, the Glaſs 
was not without a great noiſe crack'd al- 
moſt half round, along that part of it 
where it began to bend inwards: As if 
in the Figure the crack had been made ac- 


cording to the Line (46); and uponan 


en- 


— 
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endeayour to pump out more of the Air, 
thecrack once began, appear d to run on 
furcher; though the Glaſs where it was 
broken ſeem'd to be by conjecture above 
ten, ſome thought above twenty times as 
thick as the bubble mention'd 1n the fore- 
going Experiment. 


This will perhaps makeit ſeem ſtrange, 


that having taken another Glaſs bubble 
blown at the ſame time, and like for 


ought we diſcern'd for ſize, thicknels . 


and Figure to that thin one formerly 
mention'd ; and having ſeal'd it up Her- 
metically, and ſuſpended it in the Recei- 
ver, the exſuction of the ambient Air did 
not enable the impriſoned Air to break,or 
in the leaſt to crick the bubble z chough 
the Experiment were laboriouſly try'd, 
and that ſeveral times with bubbles of o- 
ther ſizes : But that perhaps the heat of 
the Candle or Lamp wherewith ſuch 
Glaſſes are Hermetically ſeal'd, (not to 
mention the warmth of his hands that 
ſeal'd it) might ſo rarifie the contained 
Air, as much to weaken its Spring , may 
ſeem probable by the following Expe- 
iments, ; 


Cy 
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VVE cook a Gla Vial able to-hold 
. Y 'Y chreeor four Ounces of Wate, 


and of the thickneſs. uſual in Glaſles of 


that ſize; into the Neck of this was put 
a moderately ſlender Pipe of Glaſs,which 
was carefully faſten'd with a mixture of e- 
qual parts of Pitch and Rofin to the Neck 
of the Viol, and which reach'd almoſt tg 
the bottom of it, as the ſixth Figure des 

clares, i 0 
- This Viol being upon a particular de- 
lign fill'd with Water,till that came up ia 
ita pretty deal bigher then the lower end 
of the Pipe, was put into one of bur (mall 
Recervers, (containing between 2 Pint 
and a Quart) in ſuch manner as that the 
Glaſs Pipe, paſſing through a hole made 
purpoſely for it in the Leaden- Cover of 
the Receiver, was for the moſt part of it 
without the Veſſel, which being exactly 
£loſed, the Pymp was ſet awork : But at 
the very firſt exſucion, and before the 
Sucker was drawn to the bottom of che 
Cylinder, there flew out.of, the Viol 4 
Piece of Glaſs half as broad as the Palm 
of a Mans Hand, and it was thrown out 
with ſuch violence, chat hicting nas 
c 
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the Neighboring fide of the Receiver, it 
not onely dafh'd it felf to pieces, but 
crack'd the very Receiver in many places, 
with 2 grear noiſe that much ſurpriſed all 
chat were in the Room. Burt it feem'd 
thatin ſo little a Receiver, the Air about 
the Viol being {ſuddenly drawn out, the 
Air Impriſon'd in the Veſlel, having on 
it the whole preſſure of the Atmoſphere 
(ro which by the Pipe open at both ends, 
Ir and the Water were expoſ*d) and not: 
having on the other fide the wonted preſ- 
ſure of the Ambient Air to ballance that 
other preſſure, the reſiſtance of the Glaſs 
was finally ſurmounted,and the Viol once 


beginning to break where it was weakeſt, 


theexternal Air might ruſh in with vio= 
lence enough to throw the crack'd parcel 
{o forcibly againſt the Neighboring fide 
of the Receiver, as to break that too. 
And this may be preſumed ſufficient to 
verifie what we delivered in that part of 
our Appendix to the firſt Experiment, 
where we mention'd the almoſt equal 
| Preſſure of the Air on either fide of. a 
thin Glaſs Veſſel, as the cauſe of its not 
being broken by the forcible Sprirg of 
the contain'd Air. But yet that it be noC 
ſulpeRe that chance had an intereſt in ſo 
| —  F 2 odde 
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odde an Experiment as we have been Re- 
lating, we will adde that for farther ſariſ- 
fation we reiterated it in a round Glaffe 
containing by gueſle about {ix ofinces 
of water: this violl we put into fucha 
ſmall Receiver as was lately mention'd, 
in ſuch manner as that the bottome ot 
it reſted upon the lower part of the Pneu- 
maticall Glafle, and the Neck came out 
through the Leaden- Cover of the ſame 
at ahole made purpoſely for it. But be- 

ing made circumſpect + the foregoing 
miſchance , we had put the violl into a 
Bladder, before we put it into the Re- 
ceiver to hinder this laſt named Glaſle 
from being endanger'd by the breaking 
of the other, Then the Pneumarticall 
veſlell being clos'd ſo that no way was 
teft for the outward Air to get into it, 
but by breaking through the Viol, into 
whoſe cavity it had free acceſſe by the 
month of it, (which was purpoſely left 
open,) the Sucker being nimbly drawn 
down,the external Airimmediatly preſfd 
forcibly as well upon the Leaden- Co- 
ver as the Violl; and the Cover hap- 
pening to be in one place a little narrow- 
er then the edge of thePneumatical Glaſs, 
was deprefl'd, and thruſt into it fo vio- 
EH Rey 
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lently by the incumbent Air,- that get- 
ting a litcle within the tapering Lip of the 
Glaſs;it did like a kinde of Wedge,thruft 
out that ſide where it was depreſl['d, ſo as, 
though the Receiver was new, to ſplit it. 
:This accident being thus mention'd upon 
the by to confirm what we formerly {aid 
couching the fitneſs or unfitneſs of Glaſles 
of ſome Figures to reſiſt the preſſure of 
the Atmoſphere; We will proceed to 
relate the remaining part of the Experi- 
ment, namely, Thar having firted on a 
wider Cover to the ſame Receiver, and 
cloſed both that and the crack with Ce- 
ment, we proſecuted the Experiment in 
the manner above related, with this ſuc- 

| ceſs: That upon the quick depreſſing of 
the Sucker, che external Air burſt the 
Body of the Viol in above a hundred pie- 
ces, many of them exceeding ſmall, and 
that with ſuch violence that we found a 

' wide rent, beſides many holes, made in 
the Bladder it ſelf. 

And to evince that theſe Phenomena 
were the :ffe&ts of a limited and even 
moderate force, and not of ſuch an ab- 
horrency of a Yacuum as that toavold it, 
many have been pleaſed co think that Na- . 
ture muſt, upon occaſion, exerciſe anal- I 
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| theGlaſles were taken out as intire as they 


(70) 
moſt boundleſs power; weafterwards pur. 
poſely try'd this Experiment with ſeveral 


_ - Glafles ſomewhat thicker then thoſe Vi- 


ols,and found theevent to verifie our con- 
jecure, that it would not ſucceed : for 


And here, My Lord, I hold it not un- 
fit, upon occaſion of the mention that 


. tas been made of our having employ'd 


{mall Receivers, and one of them, not- 
withſtanding its being crack'd, to annex 
theſe two Advertiſements. 

Firſt then, beſides the great Pneuma- 
tical Glaſs ſo often mention'd , and the 
proportionate Stop-cock, we thought fit 
to provide our ſelves of ſome {mall Recet 
vers blown of Cryſtalline Glaſs, of ſeve- 
rall: Shapes, and furniſhed with ſmalle 
Stop-cocks purpoſely made z and this we 
did upon hopes that when we had fſur- 
mounted the difficulties to be met with in 
Cementing the Glaſſes to the Stop: 
cocks, and the Pneumatical Veſlels to the 
Pump fo exquiſitely as is requiſite for our 
purpoſe, we ſhould from the ſmalneſs of 
our Receivers receivea four.told Advan- 
tage, The firſt, that by reaſon of the 


llenderneſs of the Veſſels, and their be- 


Ws 


O99) 

ing made of much purer and clearer-me- 
al 3s the Glaſs-men ſpeak,. then the 
great Receiver, we might have a more 
perfet view of every thing happening 
within them. - The next, that ſuch ſmall 
Veſſels might be. empty'd with leſs. la- 
bourand in much leſſe time. Thethird, 
that this nimble exſuction of the ambient 
Air would make many changes. in the 
| Bodies ſhuc up intheſe glaſſes more ſud- 
den and conſpicuous then otherwiſe they 
would prove. And thelaſt,thatwe ſhould 
be able to draw and keep out the Air much 
more perte&ly from ſuch ſmall Veſlels 
then from our large Receiver. But though 
we were- not much diſ-appointed in the 
expeRation of the three firſt advantages, 
yet we were in our hopes of the fourth, 
For beſides the great difficulty we found 
in fitting together the Glaſſes, the Stop- 
cocks and the Covers z befides this I lay, 
we found our ſelves ſeldom able to draw, 
and keep out the Air ſo far as to make the 
remaining Air in theſe Receivers weaker 
then the remaining Air inour great Recei- 
ver. For though ſometimes the Leaks 
of ſome of thele little Receivers may be 
much either fewer or ſmaller then thoſe 
of the larger Veſlel ; yeta lictle Air get- 

LO ® ting 


Lo 
in? into one of theſe, wherein it had but 
lire room to expand and diſplay it ſelf, 
might preſs as much upon all parts of the 
internal ſurface of the Veſlel, and upon 
the included Bodies, as a greater quan- 
tity of Airin a Veſſel in whoſe capacity 
it might finde more room to expand it 
ſelf. 

\. The other thing that we were to ad- 
vertiſe, is, That 'tis not every ſmall crack 
that can make ſuch a Receiver as is of a 
roundiſh Figurealtogether uſeleſs to our 
Experiment, in regard that upon the ex- 
ſuction of the internal Air, the ambient 
Air on all ſides preſſing the Glaſs inwards 
or towards the middle, does conſequent- 
v chruſt the Lips of the crack cloſer, and 
0 rather cloſe then increaſe it. 

This I mention partly becauſe Recei- 
vers fit for our turn are more eaſily 
_ crack d thenprocur'd,and therefore ought 
not to be unneceſſarily thrown away as 
unſerviceable: And partly becauſeI think 
it becomes one that profeſſes himſelf a 
faithful Relator of Experiments, not to 
conceal from Your Lordſhip, that after a 
few of the foregoing Experiments were 
made, there happen'd in the great Recei- 
ver a crack of about a Span long, begin- 
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ning at the upper Orifice, and occaſion'd, 
asit ſeem'd, by the exceflive heat of too 
largean Iron that was employ'd ta melt 
the Cement about that Orifice. Burha- 
ving laid upon this crack a broad Plaiſter, 
which in one of our Eſſays written ſome 
years fince to your ingenious and hopetul 
GouſinFones, we extoll for the mending 
of crack'd Receivers, and other Chymi- 
cal Glaſſes z and having afterwards thick- 
ly over-laid this Plaiſter with Diachylon, 
we neither could then, nor can yet per- 
ceive that the Veſlel leaks ſenſibly at that 
crack. + 
The Plaiſter was made of good quick 
Lime finely poudred, and nimbly ground 
with a Peſtle in a Morter, with a quantity 
(I know not how much-preciſely, not ha- 
ving thoſe Eſſays in this place) of (cras 
pings of Cheeſe and a little fair Water, 
nomore then is juſt neceſlary to bring the 
mixture to a ſomewhar ſoft Paſte, which 
when che Ingredients are exquiſitely in- 
corporated, will have a ſtrong and 
ſtincking ſmell: Theo ic muſt be im- 
mediately ſpread upon a Linnen Cloath 
three or four fingers breadth, and preſently 
apply'd, leſt it begin to harden. - Butif 
TOTP has Genvow 16 We 
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with it Receivers even for the moſt ſub 
sleChymical Spirits, You would ſcarce 
wonder at the ſervice it has done in out 


Pneumatical Glaſs. 

\V E rook a Tallow-Candle of (uh 

\Y.T aftzethateight of them make 

about apound, and having ina very com- iſÞ 1 

modious Candleſtick let it down into the IſÞ « 

Receiver, and fo ſuſpended it that the ll « 
] 
{ 


 Experi- 
ment 10. 


Flame burat almoſt in the middle of the 
Veſlel, we did in ſome two minutes ex: | 
atly cloſe it up: and, upon Pumping ve 
ry nimbly, we found that within little 
morethen half a minute after the Flame 
went our, though-the Snuff had been 
purpoſely left of thar length we judged 
the moſt convenient tor the laſting: of 

the Flame. | 

But the ſecond time having pur in une 
ſame Candle into the Receiver, (after it 
had by the blaſts of. a pair of Bellows 
been freed from Fumes) the Flame laſted 
adout two minutes from the time the 
Pumper began todraw out the Air ; up- 
on the firſt exſuctionwhereof, the Flame 
leem'd to contraRirſelt in all its Dimen- 
lions, And theſe things were further ob- 
Ee 
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fervable, that after the two or three firſt 
exſ{uctions of the Air, the Flame(excepe 
at the very top) appear'd exceeding blew, 
and that the Flame ſtill receded more and 
more from the Tallow, till at length it 
appear'd to poſſeſs onely the very top of 
the Week, and there it weat our. 
| The ſame Candle being lighted again 
was ſhut into the Receiver, totry howir 
would laſt there without drawing forth 
the Air, and we found that it laſted much 
longer then formerly ; and before it went 
out receded from the Tallow towards the 
che top of the Week, but nor near ſo 
much as 1a the former Experiment. _ 

And having an intention to obſerve par- 
ticularly what the motion of the ſmoak 
would be in theſe Experiments: - We 
took notice that when the Air was not 
drawn out, there did upon the extinction 
of the Flame a conſiderable part of the 
Week remain kindled, which (probably 
by reaſon of -the Circulation of the Aur 
in the Veſſel, occafion'd by the heat) e- 
mitted a Steam, which aſcended ſwiftly 
and directly upwards in a ſlender and unins 
terrupted Cylinder of ſmoke, till it came 
to the top, whence it maniteſtly recoyl'd 
by the fides to the lower part of the _ 
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Tel. : Whereas when the Flame went out 
upon che exſuction of the Air one time 
{when the Flame retir'd very !eaſurely 
ro the top) we perceived it not to be fol. 
low'd by any ſmoke at all. And at aa þ 
_ Other time theupper part of the Week ſl «t 
remaining kindled after the extinction I C 
of the Flame, ' the ſlender ſteam of Fumes lf ct 
that did ariſe aſcended but a very little Il tt 
way, and then after ſome uncertain mo- Wſ V 
tions this and that way, did, for the moſt Þ b 
part, ſoon fall downwards. li 
. Being deſirous alſo tro try whether Iſt 
there would be any difference as wellin 
our Receiver as there is wont to be <lſe- 
where betwixt Candles madeof Wax and 
thoſe made of Tallow, as to their dura» 
tion z we took ſlender Tapers of white 
Wax, (commonly called Virgins Wax) 
that being fotnd to burn with much leſs 
ſmoke then common yellow Wax: Six 
of thele of like bigneſs, and each of them 
of about the thickne(s of a Swans Quill, 
we prefl'd together into one Candle: And 
having lighted all the Weeks, we let in 
the above-mention'd Wax into the Re- 
ceiver, and made what haſte we could to 
cloſeit up with Cement, But though in 
the mean while we left open the tr 
| 0 


(77) | 
of the Cylinder, the hole of the Stop=_ 
cock and that in the Cover of the Re- 
ceiver, that ſome Air might get in to 
cheriſh the Flame and the {ſmoKe might 
have a vent z Yet for ſo great Flame 
i the Air {uffticed nor ſo much as till the 
' Cover could be perfely luted on: So 
f that before we were quite ready toimploy 
the Pump, the Candle was extinguiſhed. 
Wherefore we took but one of the a- 
bove mention d Tapers, and having 
lighted it, cloC'd it up in the Receiver, to 
try how long a ſmall Flame with apro- 
portionable ſmoke would continue in 
ſuch a quantity of Air: But we found 
upon two ſeveral tryals, that from che 
beginning of pumping, che Flame went 
out in about a minute of an hour. Ir 
appear'd indeed to us that the ſwinging 
of the W.ter to and fro (in the Engine 
ſhaken by pumping) haGen'd the vaniſh- 
ing of the Flame, which ſeem'd by that 
motion to be caſt ſometimes on one fide 
of the Week and ſometimes on the 0- 
ther: But though once we purpoſely 
refrain'd pumping after a very few ex- 
1{uctions of the Air, that the Flame might 
not be agitated, yet it laſted not much 
longer then the newly mention'd —_ 
n 
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And laſtly, clofing up the fame Taper, 
lighted again, to diſcover how long ie 
would F without drawing out of the 
Air, weTound that it burn'd for a while 
dlyXnough, but afterwards beganto 


vivid! 
be leflen'd more and more 1n all its Di- 
menfions. And -we obſerv'd that the 
Blame did not, as before, retire it ſelf by 
lirtle and little towards the top, but to- 


juſt before it went out) ſo that the upper 
part of the Week appear'd for a pretty 
while manifeſtly above the top of the 
Flame, which having laſted about five 
minutes, was ſucceeded by a direcly aſ- 
cending ſtream of Smoak. 


(Experi- Here was taken a Wier, which being 
ment 11, bent almoſt an the form of a Screw, 
conftiruted ſuch. an Inftrument to concein 

Coals and leave them every way acceſſi- 

ble to the Air, as the tenth Figure de- 

clares; the breadth of this Veſſel was no 

leſs then that it might with eaſe be con- 

vey'd into the Recetver: And having filld 

It to the heightof abour five Inches with 

- throughly findled Wood-coals, we Jet 

Ns 


wards the bottom of the Week (from 
which yet it dida little withdraw upwards 
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ic downinto the Glaſs ; and ſpeedily clo= 
ſing it, we cauſ'd the Pumper to ply 
his work, and obſerv'd that upon the ve- 
ry firſt exſuRtion of the Air (though per- 
haps not becauſe of that onely) the Fire 
in the Coals began to grow very dim, and. 
though the agitation of the Veſlel did 
make chem ſwing up and down (which in 


thefreeAir would have retarded the ex- 


tintion of the Fire) yet when we could 
no longer diſcern any redneſs at all inany 
of them, caſting our eyes upona Minute- 
Watch we kept by us on this occaſion,we 
found that from the beginning of the 
Pumping (which might be about cwo. mi« 
nuces after the Coals had been put in 
olowing)' to the total diſ-appearing of 
the Fire, there had paſſed but three mi. 
nutes. | ms 0050 

Whereupon, totry the Experimenta 
little further, we preſently took our the 
Coals,. in. which it ſeems there had re- 
mained ſome little parcels of Fire, rather 
cover'd then totally quench'd : For in the 
apen Air the Coals beganto bere-kind- 
led in ſeveral places, wherefore having by 
iwinging . them about in the Wher, 
throughly lighted them the ſecond time, 
welet them down again into Gs; 

| ; an 
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(8) 
and cloſdit ſpeedily as before z and then 
waiting till the Fire ſeem'd totally ex, 
tin& without medling with the Pump, we 
found that from the time the Veſlel was 
cloſd till that no Fire at all could be per- 
ceiv'd there had paſſed about four mi. 
nutes: Whereby it ſeem'd to appear thit 
the drawing away:of the ambient .Air 
made the Fire go out ſooner then other- 
wiſeit would have done; though thar part 
of the Air that we drew out left the more 
room for the ſtifling ſteams of the Coals 
to be receivedinto. 

Laftly, Having taken out the Wier 
and put other Coals into it, we did, in the 
ſame Room where the Engine ſtood, letit 
pits by a ſtring 1n the open Ar, 
to try how long the Fire would laſt with- 
Out agitation when no Air was kept from 
it: And we found that the Fire began to 
£0. out firſt at the top and out-ſides of the 
Coals , but inwards and near the bottom 
the Fire continu'd viſible for above halt 
an hour, a great part of the Coals, eſpe- 
clally choſe next the bottom, being burnt 
toaſhes before the Fire went our, 

We cauſ'd likewiſe a piece of Iron to 
beforg'd, of the bigneſs of a middle fiz'd 
Char-coal, and having made it red hot 
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throuchout , we cauſ'd it in the lately 

mention'd Wier,to be ſpeedily convey'd 
and ſhut up into the Receiver, being de- 
firous to try what would become of a 
glowing Body, by reaſon of its texture 
more vehemently hot then a burning 
Coal of the ſame bigneſs, & yet unliketo 
 ſendforth ſuch copious & ſtifling Fumes: 
But we could not obſerve any manifeſt 
change upon the exſuction of the Air. 
The Iron began indeed tov loſe its Fiery 
redneſs at the top, but that ſeem'd to be 
becauſe it was at the upper end ſomewhat 
more ſlender then at the lower : Thered- 
neſs, though ic were in the day time, con- 
tinued viſtble about four minutes; and 
then, before it did quite diſ-appear, we 
turn'd the Key of the Stop-cock bur 
could not diſcern any change of the Iron 
upon the ruſhing /in of the Air. Yet ſome 
little remainders of Wax that ſtuck to 
the Wier, and were turn'd into Fumes by 
the heat of the neighboring Iron, ſeem'd 
to afford a more plentiful, or at leaſt a 
much more free expanded ſmoke when 
the Air was ſuck'd our, then afterwards g 
though allowance was made for the de- 
creaſing heat of the Iron. And laſtly, 
notwithſtanding a confiderable exſuction 
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of theambient-Air, though not by far ſo 
great a one as might have been made by 
the Engine, and notwithſtanding the in. 
conſiderable diſſipation of the parts of the 
Iron, the ſurrounding fides of the Recei. 
ver were ſenſibly, and almoſt offenſively 
heated by it; inſomuch that a pretty while 
after the Iron was taken out, the ſides of 
the Glaſs manifeſtly retain'd a warmth: 
which would not be unfit to be confider'd 
by a Perſon at more leaſure then I am 
NOW. 


3s Bs willing to try after this ſome- 
- —=xp;- BD thing that would not cheriſh much 
mnt 12+ Fire at once, and would keep Fire much 
longer then a Coal. We took a piece of 

. Match,fuch as Souldiers uſe,of the thick 
+ ' neſs of a Mans little Finger, or ſomewhat 
We thicker ; and this being well lighted at 
oneend, was by a ſtring ſuſpended with 
that end downwards in the cavity of the 
Receiver which was immediately clof'd: 
And yet by that time it could well be o, 
the copious Fumes of the Match had neer 
hll'd and darken'd the Receiver. Where- 
fore, left che Veſſel ſhould be endanger'd, 
the Pump was nimbly ply'd, and a great 
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deal of Air and Smoke mixt together was 
drawn out, whereby the Receiver grow- 
ing more clear, wecould diſcern the Fire 
in the Match to burn more and more lan- 
euidly : And notwithſtanding that by the 
diligence uſ*d in Pumping, it ſeem'd to 
have room enough allow'd it to throw 
out Fumes ; yet after no long time it 
ceaſ'd from being diſcernable either by its 
Light or its Smoke. And though by | 
that we were invited to ſuppoſe it quige . 1 
extinguiſhed, yet we continu'd pumping 7 
a while, inproſecution of another Expe- 
riment we were trying at the ſame time: 
And this we did the more willingly be- 
cauſe of a ſuſpicion the Experiment a- 
bout the Coals might eaſily ſuggeſt, and 
which the event declar'd not to have been 
altogether groundleſs. For upon the 
Admiſſion of the external Air, the: Fire, 
that ſeem'd to have gone out a pretty 
while before, did preſently revive; and 
being as it were refreſhd by the new Air, 
and blown by the Wind made by that 
Air inruſhing in, it began again to ſhine 
and diffipate the neighboring Fuel into 
Smoke as formerly. 
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While after we Jet down into 


mort 13, © > the Receiver together ' with a ligh= 
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tedpiece of Match, a great Bladder wel! 


tyed at the Neck, but very lank, as not 


containing actually much (if any thing) a- 

bove a Pint of Air, but being capable of 

containing ten or twelve times 2s much. 
Our ſcope in this Experiment was 


partly to try whether or no the ſmoke of. 


the Match, repleniſhing the Receiver, 
would be able to hinder the Dilatation of 
the inward Air, upon the ex{uction of the 
Ambient. And partly to diſcover whe- 
ther the extin&tion of the Fire 1n the 
Match did proceed from want of Air, or 
barely from the preſlure of its own 
Fumes, which for want of room to ex- 


pand themſelves in, might be ſuppoſ'd 


to Recoyl upon the Fire, and (o to 

ſtifleit. _- | 
The event of our tryal was, That 
at the beginning of our Pumping the 
Match appear'd well lighted, though 
It had almoſt fill'd the' Receiver wich 
Its plentitul Fumes.: But by degrees it 
burnt more and more dimly , notwith- 
ſtanding that by the nimble drawing 
Out 


out the Air and Smoke, the Veſlel 
were made leſs opacous, and leſs full of 
compreſſing matter ;z as appeard by this, 
That the longer we pump'd, the leſſer 
Air and Smoke came our of the Cylin- 
der at the opening the Valve, and conſe- 
quently the leſs came into it before ; yet 
the Fire in the Match went but ſlowly 
out, * And when afterwards, to ſatisfie 
our ſelves of its expiration, we had dar- 
ken'd the Room, and in vain endeavored - 
to diſcover any {park of Fire, as we could 
not for ſome time before by the help of 
Candles diſcern theleaſt rifing of Smoke, 
we yet continued pumping fix or ſeven 
timesz and atrer all that letting in che 
Air, the ſeemingly dead Fire quickly 
revived, and man't:ſted its recovery by 
Light and ſtore oft Smoke, with the 
latter of which it quickly began to re- 
pleniſh the Receiver. Then we fell 
to pumping atreſh, and continued that 
labour ſo long till the re-kindled. 
Match went out again : and thinking 
it then fit not to ceaſe from Pum- 
ping ſo ſoon as before, we found that 
inleſs then half a quarter of an hour the 
| Fire was got out for good and _ 
| an 
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and paſt the poſſibility of being recover'd 
by the re-admitred kir. 

Some Circumſtances, beſides thoſe al- 
| ready mention'd, occurr'd in the makin 
of the Experiment, of which thee are 
the principal. 

Firſt, when the Receiver was fall of 
Smoke, if the Cylinder were emptied, 
immediately upon the turning of the 
Stop-cock, the Receiver would appear 
manifeſtly darken'd to his eye thatlook d 
upon the light through it : and this dark- 
neſs was much leſs when the Receiver was 
much leſs fill'd with Fumes: It was alſo 
inſtantaneous,and ſeem'd to proceed from 


a ſudden change of place and ſcituation 


in the exhalations, upon the vent ſud- 
denly afforded them and the Air they 
were mixt with, our of the Receiver into 
the Cylinder. 

The next thing we obſerv'd was, a kinde 
of Halo that appear d a good while about 
the Fire, and ſeem'd to be produced by 

the ſurrounding Exhalations. 

' Andlaſtly, it is remarkable, That even 
when the Fumes ſeemed moſt to reple- 
niſh the Receiver, they did not ſenſibly 
hinder the Air included in the Bladder 
from dilating it ſelfafter the ſame manner 
(tor 
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(for onght we could diſcern) as it would 
have otherwiſe done : So that before the. 
Fireor the Match was quite extin&, the 
Bladder appear'd ſwell'd at leaſt to fix or 
ſeven times 1rs former capacity. 

Since the writing, of theſe laſt Lines, 
we took a ſmall Receiver, capable of 
containing (by gueſs) about a pound and 
a half of Water; and in the midſt of ir 
we ſuſpended a lighted Match, but though 
within one minute of an hour (or there- 
abours) from the putting in of the Match, 
we had cemented on the Cover, yet we 
could not make ſuch haſte, but that before 
we began to pump, the Smoke had {o 
f111'd that ſmall Receiver, as tor ought we 
diſcern'd, to choke the Fire. And having 
again and again reiterated the Experl- 
ment, it {eem'd iti}} as ac firſt, that we 
could not cloſe up the Veſſeland pump 
out all the Fumes time enough to reſcue 
the Fire from Extin&tion ; whereupon we 
made uſe of this Expedient. Afoon as 
we had pump'd once or twice, we {uicen- 
ly turn'd the Key,and thereby gave acceſs 
to the excluded Air, which ruſhing vio- 
. lently in, aSif it had been forced thorow 
a pair of Bellows, did both drive away 

the aſhes,fill the Glaſs with freſh Air,aud 
2 G 4 by 
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by blowing the 'almoſt extinguiſh'd Fire, 


re-kindl'dit, as appear d. by the Matches 


beginning again to ſmoke, which beforeir 
had ceal'd ro do; we having by this 
means obtain'd a lighted March in the 
Receiver, without being reduc'd to ſpend 
time tocloſe.it up, commanded the Air 
to be immediatly pump'd out, and found 
that upon the exſudtion of it, the Match 


quickly left ſmokeing, as it ſeem'd, by 
reaſon of the abſence of the Air; and 
vet if ſome urgent occaſions had not hin- 
der'd us, we would for greater {ecurity 


have try'd, whether or no the Match re- 
kindled as formerly, would ſmoke much 


longer, in caſe of noexſuRtion of the am- 
blent Air, 


O try diverſe things at - once , 
and particularly whether Fire , 
though we found it would not long laſt, 


| might not yet be produced in our eva- 
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cuated Receiver: We took a Piſtol of 

about a Foot in length, and having 

firmly tyed it to aſtick almoſt as long as 

the; Cavity of the Receiver, we very 

carefully prim'd it with well dry'd Gun- 

powder, and then cockingit, we ty'd » 
[ 
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(39) 
the Tricker one end of a ſtring, whoſe 
other end was faſten'd to the Key former - 
ly mention'd to belong to the Cover of 
our Receiver. This done, we convey'd 
the Piſtol , together with the annexed 
Staff, intothe Veſſel: which being clol['d 
up, and empty'd after the uſual mane 
ner, we DEgan to turn the Key in the 
Cover; and thereby ſhortning the ſtring 
that reach'd from it to the Piſtol, we 
pull'd aſide the Tricker, and obſerv'd, 
that according to our expectation the. 
force of the Spring of the Lock was 
not ſenſibly abated by the abſence of 
the Air. (from whole 7mpetus yet ſome 
Modern Naturaliſts would derive the 
cauſe of the motion of Reſlitution in 
ſolid Bodies) For the Cock falling 
with its wonted violence upon the Steel, 
ſtruck our of it as many and as conſpi- 
cuous parts of Fire, as, for ought we 
could perceive, it wonld have done in 
the open Air, Repeating this Expert- 
ment divers times, we alſo obſerved 
whether or no there would | appear 
any conſiderable Diverſity in the. 
Motion of the ſhining Sparks in a 
place where the remaining Aire was 


{0 much rarified, but could not perceive 
| TT but 
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but that they moved ſome of them up: 


wards, as well as ſome of them down 
wards, and ſome of them {ide-ways, a 
they are wont to do, when upon ſuch col- 
lifions they fly our in the open Atr. 

We likewiſe cauf['d a piece of Steel tg 
be made of the form and bignels of the 
Flint, in whoſe place we put it, and then 
the Piſtol being cock'd and conveyed in- 
to the Receiver, the Trigger was pull 
after the Air was drawn out : And though 
the place were purpoſely ſomewhat dar- 
ken'd, yet there appear'd not upon the 
ftriking of thetwo Steels againſt each 0- 
ther the leaſt ſpark of Fire : Nor did we 
expetany (heving before in vain attem- 
pted to ſtrike Fire this way in the open 
Air) though we thought fit to make the 
Experiment to undeceive thoſe who fan- 
cy in rarified Air,I know not whart ſtrange 
diſpoſition, to take Fire upon a much 
flighter occaſion then this Experiment 
afforded. .We have indeed found, that 
by the dextrous Collifion of two ha- 
cen'd pieces of Steel , ſtore of ſparks 
may be ſtruck out:But chat was done with 


tuch vehement percuflion of the edges of 


the two Steels, as could not well be com- 
pall'din qur Receiver, . 
Put 
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*M Batthe chief thing we _ to do 
"Ewith our Piſtol, was, To obſerve whe- 
ther Gun-powder would take Fire in our 
| empry'd and cloſely ſtop'd Glaſs > Whe. 
ther the expanſton of the Flame would be 

8 conſiderably varied by the abſence of fo 
much of the ambient Air as was drawn 
out of the Receiver ? and whether the 
Flame would diffuſe it ſelf upward, as it is 
wont, notwithſtanding its not having a- 
bout it the uſual proportion of Air to 
force it up > And-though moſt of our at- 
rempts to fire th? Gun-powder in the 
Pan of the Piſtol ſucceeded nor, becauſe 
wewerefainto let it hang almoſt perpen- 
dicular in the Receiver; whereby the 
Powder was ſhaken down before the 
{parks could reach it : yet once the Ex- 
periment ſucceeded , and the kindled 
Powder ſeem'd to make a more expanded 
Flame then it would have done in the 
open Air, but mounted upwards accord- 
Ing to its wont; whether by reaſon of that 
little portion of Air, which in ſpighrt of 
our Pumping remained in the Receivers or 
tor any other cauſe, we have not now the 
leiſure to conſider. But we muſt not for- 
ger.that upon the extindion of the Flame 
the Receiver appear'd darken'd with 
| | y ſmoke, 
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ſmoke, which ſeem'd to move freely up 
and down, anduupon the letting in the Ar | 
at the Stop-cock began to circulate munch 

| faſter then before. We wonld have made 
more obſervations concerning this Flame, 
but that of two or three attempts we 
afterwards made to repeat the kindling of 
Powder , not any: one. ſucceeded ; and 
we have not theleaſure to dwell long up- 
on one kinde of Tryals. 


Experi- T O theſe Experiments concerning Fire 
ment. 15. weaddedanother, which,though it ſuc- 
ceded not, may perhaps without 1mper- 
tinency berecorded: partly becauſe that 
(as we have in another Treatiſe amply de- 
clar'd) it is uſefull to recite what Experi- 
ments miſcarry as well as what ſucceed, 
And partly alſo becauſe it is very poſlible 
that what we endeavored in vaine, may be 
performed by Your Lordthip, .or ſome 
other Yirtuoſo that ſhall have flancker 
Veflells then we had, and more Sunny 
dayes then the preſent Winter allows 

us. | 
We convey'd theninto one of our (mall 
Receivers a piece of matter combuſtible, 


ary and black (experience declaring _— 
o 
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of that colour to be mciganly kindled) 
& carefully clofing the Veſſel we brought 
ittoa Windowat which the Sun,not very 
fare from the Meridian, ſhone in very free- 
ly: then drawing out the Aire with ſpeed 
united the Sun-beames with a burni 
Glaſs upon the combuſtible matter which 

an immediatly to ſend forth a Smoke 
that quickly darkned the Receiver, but 
notwithſtanding all our care and diligence 
the externall Aire got in ſo: faſt that after 
diverſe tryals we were fayne to leave off 
the Experimeat in that Glafle and induc'd 
to make tryall of it in our great Re- 
celver. 
Haveing then after ſome difficulty 
lodg'd the combuſtible” matter in the ca- 
vity of this Veſlell in ſuch manner as that 
it was almoſt contiguous to that fide 
thereof that was next the Sun, we did en- 
deavor with a pretty large burning Glaſs 
to kindle it, but tound , as we fear'd, 
Thar by reaſon of the thickneſs of the 
Glaſs, (which was alſo of a leſs pure and 
leſs Diaphanous matter. then the o0- 
ther) the Sun-beams thrown in by she 
burning Glaſs, were in their paſlage 
fo Diflocated and Scattered (not nowto 


mention thoſe many that being reflected, 
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{conld not piegge into the cavity of the 
Receiver) thatWe could not poſſibly y. 
nite enough of them to kindle themarter, 
nor ſo much as to makeit ſenſibly ſmoke, 
Yet we hope that the ſeeing whether Bo- 
dies (orher then Gun-powder) may be 
Kind{ed, and what would happen to them 
when ſet on fire, in a place in great mea- 
. furedevoid of Air, may prove lo Lucite- 
rous an Experiment, that when the Sea- 
ſonis more favorable we ſhall, God per- 
mitting, make further tryal of it, and ac- 
quaint Your Lordſhip with the Event, if 
it prove proſperous. In the mean time 
we ſhall paſs on to other Experiments, 
afſoon as we have advertiſ'd Your Lord. 
ſhip chat we have forborn to make ſuch 
Refledtions upon the ſeveral Experiments 
we have ſet down concerning Fire, as the 
matter would have eaſily enough afford- 
ed, and Your Lordſhip may perhaps have 
expected. But I madetheleſs (cruple to 
torbear the annexing of Speculations to 
theſe Recitals, becauſe Carneades & Eleu- 
thcrizs havein ſome Dialogues concern- 
ing Heat and Flame, which were laſt year 
{een by ſome Friends, and may be, when 
you pleaſe, commanded by You, m_ 
tion 
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tion'd divers of my Thoughts and Expe- 
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riments concerning Firs, 
V E deſigned to try whether or no Experi- - 
.Y divers Magnetical Experiments nt 16. 

would exhibit any unuſual Phenomena, 
being made in our Evacuated Receiver 
inſtead of the open Air : Burt for want of 
ſeifure and conveniency to proſecute ſuch 
 Tryals, we were induced to reſerve the 
reſt for an other time, and to content our 
ſelves with making that which follows. 
We convey'd into the Receiver a little 
Pedeſtal of Wood, inthe midſt of which 
was perpendicularly erected a ſlender 
Iron, upon whoſe ſharp point an excited 
Needle of Steel purpoſely made, and of 
about five Inches long, was ſo placed 
that hanging in an «/£quili/brium it could 
move freely towards either hand, Then 
the Air being after the uſual manner 
pumped out, we apply'd a Load-ſtone 
moderately vigorous to the out-ſide of 
of the Glaſs, and found that it Attracted 
or Repell'd the ends of the Needle, accor- 
ding to the Laws Magnetical, without 
any remarkable difference from what the 


lame Load-ſtone would have done had 
none 
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rione of the Air been drawn away from 4- 
bout the Needle} which whenthe Load- 
| None was'removed, after ſome tremyu- 
Jlous Vibrations to and fro, reſted in a po- 
ſition wherein it look d North and 
* South. 


Experi= TJYRoceed we now to the mention of 
ment *7: * thatExperiment, whereof the ſatiſ- 
factory tryal was the principal Fruit [ 
promiſ'd my ſelf from our Engine. It 

being then ſufficiently known, that, in 

the Experiment De Yacuo, the Quick. 

 filver in the Tube is wont to remain ele- 
vated, above the ſurface of that whereon 

it leans, about 27 digits: I conſidered, 

chat, if the true and onely reaſon why the 
Quick-filver falls no lower, be, that at 

that Altitude, "the Mercurial Cylinder in 

the Tube, is an equilibrium with the 
Cylinder of Air, ſuppoſ'd to reach from 

the adjacent Mercury to the top of the 
Atmoſphere: If this Experiment could 

be try'd out of the Atmoſphere, the 
Quick- ſilver in the Tube would fall 

down to a levell with thatin the Veſlel, 

ſince then there would be no preſſure up- 

on the Subjacent, to reſiſt the weight = 

che 
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the Incumbent Mercury; + Whence I in- 
fed (aseatily I might) thaty” if the Ex= 
ment could be try'din opr Engine, the 
Quick-fi;ver would ſubſide below 27 Di- 
 gits, in proportion. co.:the. exſuction! of 
Air, tharſhould be madeout: of the :Re- 
ceiver, + For, as when the: Air is ſhut in- 
to: the Receiver , . it does (according/to 
what hath:above been -raught); continue 
there as ſtrongly compreſt'd,” as it | did 
whil'ſt all che incumbent; Cyliader of. the 
Acmoſphere lean'd immeciarly upon 1t 5 
becauſe the Glaſs, wherein it- 1s pent'up; -. 
hinders it co.deliverit ſelf; by an expanſt- 
on of its parts, -from the preflure where- 
with ic was-ſhut up. . So, if we could per 
tetly draw the Air out of the Receivers. 
it would conduce as well-to our purpoſe, - 
as if we. were allow'd to try the Experi- 

ment beyond the Atmoſphere. 
Wherefore-(after having ſurmounted 
ſome lictle difficulties which occurr'd ac 
the beginning) the Experiment was made 
atter this manner. We took afſlender and 
very curiouſly blown Cylinder of Glaſs, 
of near three: Foot in length, and whoſe 
bore had in Diameter aquarter of an [nch; 
wanting a hairs bfteadch : This Pipe being 
Hermetically fſeal'd x one end, was, a 
tne 
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the dther, fill'd with Quick-fiJver, care 
being taken in; the falling, that as few 
bdbles as-was;poſhble thould belefrin the 
Mercury: Then. the Tube being ſtopr 
withtheFinger and inverted, was open'd, 
according'to the: manner of the Experi- 
mear;i-into.a ſamewhar long and ſlender 
Cylindrical Box(inſtead of which we now 
areewont touſea Glaſs.of the ſame'torm) 
half fill'd with Quick-11lver: Ando, the 
liquid metal being (uffered:to ſabfide, and 
A :PReCE of: Paper being paſted on levell 
wirh-its upper farface, the Boxand Tube 
and alt were by ſtrings caretally let down 
incothe Receiver, and then, by means of 
theholeformerly mention'd'to-be left in 
the-Cover,the ſaid Cover was flip't along 
as muchiot'the Tube as reachid above the | 
wop'ot the Receiver ; 'And the: Interval, 
left betwixt the ſides of the Hole and 
thoſe of the Tube, was very exquiſitely 
hll'd up with melted (butinor over hot) 
Diachylons and the round chink, betwixt 
the Coveriand the Receiver, was likewiſc 
very.carefully:clo['d up : Upoarwhich clo- 
fare chere appem'dnor any change in: the 
height of the: Mercurial Cylinder ; no 
more, thenit the interpb{'d Glaſs Recetr- 
ver did nt byader: che immediate prefiure 
71; 07 
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the ambient Atmoſphere upoti the 
ixcloſed Air; which hereby appears: to 
ber up'on the Mercury, rather by-virtue 
ofits ſpring, then of its weight: ſince its 
weight cannot be ſuppoſ'd to amount ro 
| abovetwo or three Ounces, , which is-in» 
conſiderable in compariſon of ſuch a Cy» 
linder of Mercury as it would keep from 
ſubſiding. 3M ES YO » 
All rhings being thus in areadineſs, the 
Sucker was drawn down z and, immedi- 
ately upon the egreſs of a Cylinder of 
Air ont of the Receiver z the Quick-filvet 
inthe Tube did,” according to expectati- 
on, {ubtide : and notice being carefully 
taken (by a mark faſten'd to the outfide) 
of the place where it ſtopt, we cauf'd him 
that manag'd the Pump to pump again, 
and mark'd how low the Quick-filver fell 
at the ſecond exſuction; but continuing 
this work, we were quickly hindred from 
accurately marking -the- Stages made by 
the Mercury in its deſcent, becauſe it ſoon 
ſunk below the top of the Receiver ; ſo 
that we could thenceforward mark it no 
other ways then by the eye. And thus; 
continuing the labor of pumping for”a* 
bout aquarter of an hour, we found Gar 
{elves unable to bring the Quick- ſilyer'in 
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the Tube totally'to ſubfide; becauſe; 
when the Receiver was conſiderably em- 
pty/dof its Air, and conſequently that 
little that remain'd grown unable to reſiſt 
the Irruption of the external, that Air 
would. (in ſpight of whatever we could 
do) preſs 'in at ſome little Avenne or 
other ;, and though much could not there- 
at get in, yeta little was ſufficient to coun- 
terballance the preilure of ſo ſmall a Cy- 
linder of Quick-filver, as then remain'd 
inthe Tube. 

Now-to fatisfie our ſel 7es further.that 
the falling of the Quick-filver in the 
Tube:co adeterminate height, proceeds 
from the «Equilibrium, wherein it is at 
that height with the external Air, the one 
gravitating, the other prefling wich equal 
torce upon the ſubjacent Mercury)we Re- 
turned the Key and let in{ome new Air; 
upon which the Mercury immediatly be- 
ganto aicend(or rather to be impell'd up- 
wards) inthe Tube, andcontinu'd aſcend- 
ing, till having Recurn'd the Key it -im- 
mediatly reſted at the height which it had 
thenattain'd: And fo, by Turning and 
Returning the Key, we did ſeveral times 
at pleaſure impel it upwards, and check its 
alcent, And laſtly, having given: a free 
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egreſs at the Stop-cock toas much of the 
external Air as would come in, the Quick- 
filver was impell'd up'almoſt to irs” firſt 
height : I ſay almoſt, 'becauſe iti ſtopr 
near a quarter of an Inch beneath the'Pa+ 
per mark formerly mention'd; which 'we 
aſcrib'd to this, Thar there was (as 5 u- 
ſoal in this Experiment) ſome lictle Parri- 
cles of Air engag'd among thoſe of the . 
Quick-filver ; which Particles, upon the 
deſcent of the Quick-1itver, did manifeſt- 
ly riſe up in' Bubbles towards the top of 
the Tube, and by their preſſure, as well 
'a5 by leſſening the Cylinder by as much 
room as they formerly took up init; hin- 
der'dthe Quick-ſ1lver from regaining its 
firſt height. | : 

This Experiment was a few days after 
repeated in the preſence of thoſe excellent 
and deſervedly Famous Marhematick 
Profeflors, Dr. Walls, Dr.Ward, and Mr, 
Wren, who were pleaſed to Honor itwith 
their Preſence: And whom'l name, both 
as juſtly counting it an ' Honor /to- be 
known to them ,and as being glad of ſuch 
Judicious and illuſtrious: Wirnefles of our 
Experiment ; and 'twas by cheir gueſs that 
the ropof the Quick-+ſilver in the:Tube 
was defin'd to be brought withih an/Inch 
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of the ſurfaceof thar in the'Veſſel. 

And here, for the Illuſtration of the 
foregoing Experiment, it will not be a- 


.. miſs: to mention ſome other particulars 


. 
& 


relating to it. a 
-- Birſt then, When we endeavor'd to 
make the Experiment with the Tube 
cloſ'd art one end with D:achylon inſtead 
of an Hermetical Seal; we perceiv'd, that 
upon the drawing of ſome of the Air out 
of. the Receiver, .the Mercury did indeed 
begin to fall, but continu'd afterwards to 
ſubſide,though we did not continue pum- | 
ping. Whence it appear'd, that though 
the Diachylon that ſtopt the end of the 
Tube were ſo thick and ſtrong, that the 
external Air could not preſs it in (as expe: 
rience taught us that it would have done, 
if there had been bur little of it) yer the 
fabt'ter parts of it were able ( though 
ſlowly) co infinuate themſelves through 
the very body of the Plaiſter, which it 
ſeems wasof ſo cloſe a Texture, as that 
which we; mention'd our ſelves to heve 
ſucceſsfully made uſe of in the-Experi- 
ment De Yaczo ſome years ago. Sothat 
now ve begin to ſuſpect, that perhaps one 
Reaſon, why we cannot perfe&tly pump 
out the Air,may be, that when the Veflel 
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os 
is almoſt empty, ſome of aat dawg 
of the external Air may , by: the 
ure of the Atmoſphere; be: firain'd | 
chrough the very body of the. Diathylea 
into the Receiver, Burthis! is onely cons 
ures: + - - i hoQU 
- Another © FP Vows of our hag 
riment was this, That;, it: (when the 
Quick-filver in the Tube: was fallen fow} 
too much ingreſs were; at the hole,of che 
Stop-cock, ſuddenly permitted to theews 
ternal Airs it would ruth in with: chacvios 
lence, and bear ſo forcibly: upon che! fur- 
face of the ſubjacent Quick-filver, rhar 
it would impelir up intothe Tube: 
enough to endanger the breaking of the 
Glaſs. : 
We formerly \n mention d, thar the 
Quick-filver did not in its deſcent fall-as 
much at a time afcer the two or three firſt 
ex(uctions of the Air, as at the begi ming? 
For, having mark'd its ſeveral Stages up- 
on the Fube; wefound, that at the firſt 
ſuck it deſcended an-Inch agd-, and atithe: 
ſecond an Inch and © ; and when the. Vel- 
ſel was almoſt empty 'd, it would \carce at 
one ex{ution- be:drawn down above the 
breadthrof 'a Barly-corn.. And indeed we 
tound 1 it vt difticult co meaſure i what 
H 4 pro® 
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proportiontheſedecrementsof the Mer- 
curial Cylinder did proceed : partly be. 
cauſe (as we: have already intimared) the 
Quick-filver- was foon arawn'below the 
top of-whc Receiver; and partlyi becuſe, 
upon its deſcent at each exiuction,' it 
wanld 'immediatly reaicend a herle up- 
wards; either by reaſon of the leuk:ng of 
the-Veſſel ar ſome imperceptible hole or 
other, or by reaſon of the:motion of 
Reſtitucion i inche Air,which, being {cme- 
what.compreſt by the fall is well as we'ght 
of :the Quick-filver, would repell it a lit- 
tle-upwards,and make tt vibratea lirtle up 
and down, before they could reduce each 
ther to ſuch-an «Equilibrium as both 
mightreſtin. But though we could not 
hitherto make obſervations accurate e- 
nough concerning the meaſures of the 
Quick-ilver's deicent, to reduce them in- 
to.any Hypotheſis, yet would we not dil- 
courage any from attempting it; fince, if it 
could be reduc'd toa certainty, 'tis proba- 
ble:that the diſcovery would not be un- 
uſeful. 

And, to illuſtrate chis matter a little 
more, we will adde, That we madea ſhift 
to try the Experiment in one of ourabove 
mention'd ſmall Receivers,not containing 
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@Quatt ; but that (agreeab} ecably-to what we 
formerly obſerved) we! ons as difficult 
16 bring -rhis to be quite wrap 48 toeva- 
nap! comwrk, ;\the leaſt"exrernal Air 
that could geriin (and wecould not poſhi- 
bly keep'iit all perfet Hoe ps Os ) ſufficinginfo 
{mall a "eſe to'diſplay a' confiderable 
preſſure upon the ſaefeee Ef the Merggy, 
and thereby hindet that in the Tube ffor 
falling toa level withic, But this is remark: 
able, thathaving ewo or chieetimes'rry'd 
the Experiment it thar-ſmall Veſſel; upon 
the very: firſt Cylinder of Airthat was 
_ drawn our of the Receiver,” the 'Mercury 
fell in the Tube 18 Inches and a half, and 
at another 19-Inches and a half, - - 
But, on this-occaſion, Tholdit not un- 
| fieto give Your Lordſhip notice that I 
hop'd, from the deſcent of” the Quick- 
ſilver in the Tube uporithe firſt ſack, to 
derive this advantage:that I ſhould thence 
be enabled to give a near guels at the pro- 
portion of force berwixt the preſſure of 
the Air (according to its various ſtates, as 
to Denſity and RarefaQtion) and the gra- 
vity.ot. Quick-filver, then hitherto has | 
beendone: For in our Experiment there 
are diverſe things given, ' that may be 
made uſe of towards ſuch 4- CO 
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For firſt yermay know the capacity of the 
Receiver.. wherelp: the ,Experumene 1 


' made, {ince, by filling it with water, we 


may. ealily; compute how many: Quarts,or 
Meaſures of .any. other denomination, it 
contains. gf;;Airs which: Air, when- ſhur 
up inthe-Veſlel, may, be ſuppoſd to have 
a pzeſſure- equal to that.;of; the Atmos 
ip e; finceitis able to keep the Quick; 

ilver.ia the, Tube from4dlling any lower 
then it didin4the free and-open Air, Next 
hereis;given us the capacity of the .braſs 
Cylinder-empty'd bythe drawing down 
of the Sucker {irs bore and height; being 
mention'dinthe deſctiptionof our Pump) 
whereby we - may; come ;tb.. know. . how 
much of the, Air: containd. in the Recei- 


ver is drawn Our at the firſt fuck. - And 
we may alſo eaſily; define, either in weighe 


or cubick meatures the Cylinder of 
Quick-filyer that. anſwers. .to- the Cy- 
linder of Air lately mention'd © (that 
Mercuriall Cylinder being in! our En- 
gine .computable by - deducting: from 
the entire altitude ot;-that ; Cylinder: of 
Quick-{ilver, the altitude at which ic reſts 
upon the firſt-ex(uction,) Bur though, if 
this Experiment . were-very watchtully 
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try'din.Veſlcls of ſeveral izes, and.che 
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various deſcents.of che Quick-filfer com- 
| pard themſelves, -*cis not: impro-» 
bable that ſome ſuch thing as wehop'd for 
rhay thereby.be difcover'd.;: Yet becauſe 
not -onely the. ſolid contents: of as much 
of-the Glaſs-tube as remains within the 
cohcave ſurface of the Receiyer, -and 
(which is more difficult) the varying con- 
tents of the. Veſlel containing the /Mer- 
cury, and of as much of the Mercury ic 
ſelf as is not in the Tube, muſt be dedu- 
Red'our of the capacity of the Receivers 
butithere muſt alſo an allowance be made 
for this, that the Cylinder that is empty'd 
by the drawing down of the Sucker, and 
comes to be fill'd upon the letting of the 
Arr out of the Receiver into it, is not {0 
repleniſh'd with Air as the Receiver it (elf 
at firſt was : becauſe there paſſes no more 
Air out of the Receiver into the Cylin- 
der, then is requiſite toreduce the Air in 
the cavity of the Cylinder, and in that of . 
the Receiver to the ſame meaſure ot dila- 
tation : Becauſe of theſe (I fay)and ſome 
other difficulties thatrequire more $kill ur 
Mathematicks then pretend to,and mack 
more leaſure then my preſent occaſions 
would allow me, was willing to refer the 
' cer contideration of this matter goſome - 
OL 
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beendelivered, we likewiſe tryed the Ex- 


drawn lower and lower for 2 little while; 


- "(xn$) 
of our: Learned and Acurate Mathema; 
ticians, thinking 1t enough for me tohayy 
viven the Hint already ſuggeſted. ! | 
For further confirmation-of what hath 
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eriment ina Tube of lefs then two foot 
ong : atid, when there was ſo much Air 
drawn out of the Veſſel, that the remain- 
mg' Air' was not able to counterballance 
the-Mercurial Cylinder, the Quick-filver 
in the Tube ſubſided ſo vitibly, that (the 
Experiment being try'd in the little Veſ- 
ſel lately mention'd) at the firſt ſuck it 
fell above a ſpan, and was afterwards 
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and the external Air being let in upon it, 
mmpell'd, itup again almoſt co the top of 
the Tube: So. lictle matters it how heavy 
Or light the Cylinder of Quick filver to 
ſubſide is , provided its gravity over- 
power the preſſure of as much external 


. Air as bears upon the ſurface of that Mer- 


cury into-whichitis to fall. 

Laſtly we alſo obſerv'd, That if (when 
the Mercury in the Tube had been drawn 
down, and by an Ingreſs permirred tothe 
external Air, impell'dupagain co its for- | 
mer height) there were ſome more Ai 
thruſt up by the help of the Pump gr 

e 


_ a Controverlie, 


_ tng) . 
theReceiver,theQuick-ſilver inthe Tube 
would aſcend ' mach above'the' wonted 
height of 27 digits, and immediatly up- 
on the letting out of that Airwould tall a- 
gain co the height it reſted at before. 

Your Lordſhip will here perhaps expect, 
that as thoſe who have treated of the Tor- 
ricelian Experiment, have for the moſt 
part maintaind the-Affirmative,or.the Ne* 
gative of that famons Queſtion, Whether 
or no that Noble Experiment infer a Ys- 
cuwm ? ſo Iſhould on this occaſion inter- 
poſe my Opinion touching chat Contro- 
verſie, or at leaſt declare whether or no, in 
our Engine, the exſuction of the Air do 
prove theplace deſerted by the Air fuck'd 
out, to be truly empty, that.is, devoid of 
all Corporeal Subſtance. Burt beſides thar, 
| have neither the leiſure, nor the ability, 
to enter into a ſolemn Debate of* ſo nice a 
Queſtion; Your Lordſhip may, -it you 
think ic worth the trouble, in the Dia- 
logues not long ſince referr'd to, finde the 
Difficulties on both ſides repretenteds 
which then made me yield buta very wa- 
vering aſſent to either of the parties con- 
tending about the Queſtion: Nor-dareI 
yet take upon me to determine ſo difficult 


For 
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.- Foron:the one {ide itappears, that not; 
withſtanding the ex{nRion bf the Air,ow 
Receiver may not be deſtitute of all By, 
dies, ſince any thing placed in: it, may be 
ſeen . there; : which would not-be,-if i 
were not pervious to--thaſe Beams of 
Light which reboundihg fromthe ſee 
Obje& to our eyes, affec.us withithe ſenſe 
_ of it: And+ that. either theſe Beams: are 
Corporeal-Emanations from {ome Judd 
body,or elſe atleaſt the Lghr chey convey il | 
dothreſultfrom the brisk: Motion of ſome Ml | 
ſubtle Matter, I could, it-I miftake not; W. 
ſufficiently manifeſt out of the Dialogues 
above-mention'd,if I thought your Lord. 
{ſhip could ſeriouſly - imagine chat. Light 
could be convey 'd without,at leaſt, having 
(it 1 may fo ſpeak). a Body for its Ve- 
By the: {txteenth Experiment, it alſo 
appears that.the cloſenefs of our Receiver 
hinders-it not from admitting the Efflu- 
via of the Load-ſtone; which makes it 
very probable that it alſo freely admits 
the Magnetical ſteams of the Earth ; con- 
cerming which, we have inanother Trea-. 
tiſe endeavour'd to manifeſt that numbers 
of them doalways permeate our Air. 
But on the other fide it may be _ 
1c 
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Fhar as for the ſudcle Matter which makes 
che ObjeRs encloſed tnburevacuared Re- 
ceiver, 'vifible,” andthe Magnetical Efflu- 
- airs Earthithat may we ye ro 
 thorowit,”' though we-ſthould grant 
our Veſſel nor: to be quite ivord of 
them; yet we cannot fo reaſonably affirm 
itto be repleniſh'd with thein,' as we-may 
ſuppoſe; that if they were gather'd o_ 
ther into one place without Intervals: be- 
weenthem, they would fill but a ſmall 
part of-the: whole Receiver. : As in the 
thirteenth Experiment, a piece-of Match 
was inconfiderable for its bulk; whileſt its 
parts lay cloſe together, thatr afterwards 
(when the Fire: tiad ſcatter'd them into/ 
{moke) ſeem'd corepleniſh alt the Veflel- 
For" (as elſewhere our Experiments have 
demonſtrated) both Light and the Efflu- 
viaof the Load+ſtone, may be'readily ad- 
mitred into u Glaſs, Hermetically ſeal'd, 
though before their Admiſſion, -as full of 
Air as hollow Bodies here below are wont 
tobe, ſo that upon the ex{nfionof the 
Air, the large {pace deſerted by ir, may 
remain empty, notwithſtanding the pre=- 
tence of thote ſubrle Corpuſcles, by 
which Lucid and Magnetical Bodies pro-' 
euce their effects, FF$-x* 
| And 
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-- And as' for :thie' Allegations above 
mention'd; :.they ſeem: to-prove-hut that 
the Receiver devoy dof: Air, May be re» 
pleniſh'd witt-ſome-ſuch Erherial, Matter, 
8s (ome Modern Naturaliſts write ofz bur 
nor that it really & {0. And indeed to me: 
it yet ſeems, that as to-thoſe.ſpaces which 
the Yacuifts would have tobe empty, be- 
cauſe they are manifeſtly devoid of Airy 
and all gr offer Bodies, : the-Pleniſts '( if 
may ſo call them) do not prove that.ſudt 
ſpaces ate repleniſh'd with ſuch -a-ſubtle 
Matter as they ſpeak of, by.aty ſenſible 
effes, or operations of. it (of which dt- 
vers new Tryals purpoſely made, have not 
yet ſhown: me: any) but -onely conclude 


, that there muſt be ſuch a Body, becauſe 


there cannot:bea Void. And the reaſon 
why there cannot be a Void, being by 
them taken; not from any Experiments, 
or Phenomena of Nature, that clearly and 
particularly: prove their- Hypotheſis , but 
trom their-notion of a Body, whoſe Na- 
ture, according to them; cconfiſting one- 
ly in extenfion-(which indeed ſeems the 
property moſt efſential to, becauſe inſepa- 
rable from a Body) to ſay aſpacedevoid 
of Body, is to ſpeak in the School-mens 
Phraſe, a Contragiction ix AgjeFo: This 
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(723): - | 
reaſon, I ſay, being thus deſum'd, ſeems 
to make the Controverſie about a Yaris 
um, rather a Metaphyſical, then a Phylſige 
logical Queſtion; which therefore we ſhall. 
here no longer debate, Anding it very dif. 
ficult eicher to ſatisfie Narturaliſts- with 


this Carteſian Notion of a Body, or to 2 
manifeſt wherein it is erroneous, and fub- : 


ſtitutea betcer in its ſtead. 3 £00491 
Bat though we are unwilling co'exa- 
mine any further the Interences wont to 
be made from the Torrice//jay Experi- 
ment, yet we think itnor impertinent co 
preſent Your Lordſhip with a couple of 
Advertiſements concerning it. | 
Firſt, then it in trying the Experimenc 
here. or elſewhere, you make uſe of the 
Engliſh meaſures chat Mathematicians 
and Tradeſmen are here wont to imploy, 
You will, unleſs you 'be forewarn'd of it, 
be apt to ſuſpeR that choſe that have writ- 
ten of the Experiment have been milſta- 
ken, For whereas men are wont gene- 
rally to talk of the Quick-filver's remann- 
Ing ſuſpended at the heighth of between 
{fix or ſeven and twenty Inches z we com. 
, monly obſery'd, when. divers years. fince 
we firſt were ſollicitous about this Expe- 
timent, that the Quick-ſiWer in the 'Tube 
0 _ reſted 
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reſted at about 29 Inches 8 an half aboye 
the ſurface of the Reſtagnant Quick-{ilver 
inthe Veſlel,which did at firſt both amaze 
and perplex us, becauſe though we held it 
not improbable thart the difference of the 
groſſer Engliſh Air, and that of 1talyand 
 France,might keep the Quick-fi]ver from 
falling quite as low in this colder, as in 
thoſe warmer Climates; yet we could 
not believe that that difference in the Air 
ſhould alone beable to make ſo great a one 
in the heights of the Mercurial Cylinders; 
and accordingly upon enquiry we found, 
that though the various denſity of the 
Air be not to be over-look'din this Ex- 
periment, yet the main Reaſon why we 
found the Gylinder of Mercury to conſiſt 
of ſo many Inches, was this, That our 
Engliſh Inches are ſomewhar inferior in 
Jengthto the digits made uſe of in Fo- 
rein Parts, by the Writers of the Expe- 
raſent, - 

The next thing I deſire Your Lordihip to 
take notice of,is, That the heigrh.of the 
Mercurial Cylinder is not wontcobetoiid 
altogether ſo great as really it might 
prove, by reaſon of the negligence or it- 
Ccogitancy of moſt that make the Experi- 
ment, For of@n times upon the opening 
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of the inverted Tube into the Veſſell'd 
Mercury, you may obſerve a bubble of 
Air to aſcend from the- bottom of the 
Tube through the ſubſiding Quick-filyer 
co therop z and almoſt always you may, 
if you look narrowly, take*norice of a 
multitude of ſmzll bubbles all along the 
inſide of the Tube betwixt the'Quick- 
filver 8 the glaſs:(not nowto mention the 
Particles of Air that lye conceal'd in the 
| very Body of the Mercury ) _—_ 

which, upon the Quick-filvers forſaking 
the upper part of the Tube, do break in- 
to that deſerted ſpace where they finde 
little or no reliſtznce to their expanding 
of themſelves. Whether this be the rea- 
ſon that upon the Application of warm 
Bodies to the emptyed part of the Tube, 
the ſubjacent Mercury would be depreſl'd 
ſomewhat lower, we ſhall not determine g 
though it ſeem very probable, —_ 
ſince we found that upon the application 
of Linnen cloaths dipped in Water, to 
the'ſame part of the Tube, the Quick- 
ſilver would ſomewhat aſcend, as if the 
cold had condenſ('d the Impriſon'd Air, 
that preſſ*d upon it, into a leſſer room. 
But that the deſerted ſpace is not wont to 


be totally devoid of Air, we were induc'd 
| 2. £0 
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to think by ſeveral Circumſtances. For 
when aneminent Mathemartician, and ex- 
cellent Experimenter , had taken great 
pains and ſpent much time in accuratly fil. 
ling up a Tube of Mercury, we found 
that yet there remain'd ſtore of inconſpi- 
cuous bubbles, by inverting the Tube, 
letting the Quick-1ilver fall to its wonted 
heighth ; and by approaching (by de- 
grees) a red hot Iron to the out-11de of the 
Tube, over againſt the upper part of the 
Mercurial Cylinder, for hereby rhe little 
unheeded bubbles, being mightily expan- 
ded, aſcended in ſuch numbers, and ſo faſt 
to the deſerted ſpace, that the upper part 
of the Quick-filver ſeem'd, to our wonder, 
to boyl. We turther oblerv'd, That in 
the tryals of the Torrice/lian Experiment 
we have ſeen made by others, and (one 
excepted) all our own, we never found that 
upon the inclining of the Tube the Quick- 
filver would tully rexch to the very top of 
the {eal'd end: which argued, that there 
was ſome Air retreated thicher that kept 
the Mercury out of the unrepleniſh'd 
ſpace. 

It Your Lord{hip ſhould now demand 
what are the beſt expedients to hinder the 
antrulion of the Air in this Experiment 3 

| we 
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we muſt anſwer, That of thoſe which are 
eaſily intelligible without ocular demon- 
ſtration, we can at preſent ſaggeſt upon 
our own tryals no better then theſe. Firſt, 
ar the open end of the Tube the Glaſs 
muſt not onely be made as evenat the ed- 
ges as you can, but it 1S very convent- 
ent (eſpecially if the Tube be large) that 
the bottom be every way bent inwards, 
that ſo the Orifice, not much exceeding a 
quarter of an Inch in Diameter, may be 
themorecafily and exattly ſtopp'd by the 
Experimenter's finger; between which 
and the Quick-filver, that there may be 
no Air Intercepted (as very often ic hap- 
pens that there is) it 1s requiſite that the 
Tube be fill'd as full as poſſibly it can be, 
that the finger which is to ſtop ir, preſſing 
upon the accumulated and protuberant 
Mercury, may rather throw down fome, 
then not finde enough exactly to keep our 
theAir, Iris alſo an uſeful and compen- 
dious way not co fill che Tube ar firſt 
quite ful of Mercury,but to leave near the 
top about a quarter of an Inch empty ; for 
it you then ſtop the open end with your 
finger, and invert the Tube that quarter 
of an Iach of Air will aſcend in a great 
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bubble co the top, anda its paſſage thi-_ 
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ther, will gather up all the little bubbles, 
and unitethem with it ſelf into one great 
one, ſothat if by reinverting the Tube 
you let that bubble return to the open 
end of it, you will havea muchcloſer Mer- 
curial Cylinder then before, and need but 
to addea very little Quick-filver more to 
fill up the TubeexaGly. Andlaſtly as for 
thoſe leſſer and inconſpicuous parcels of 
Air which cannot this way be gleaned up, 
You may endeayor before you invert the 
Tube, tofree theQuick-filver from them 
 byſhaking the Tube, and gently knock- 
ing on the out-ſideof it, after every little 
parcel of Quick-ſilver which you pour in; 
and afterwards, by forcing the ſmall la- 
titant bubbles of Air to diſcloſe them- 
ſelves and break, by imploying a hot Iron 
in ſuch manner as we lately mention'd, | 
remeber that by carefully filling the 
Tube, though yet it were not quite tree 
from Air, we have made the Mercurial 
Cylinder reach to 39 Inches andabove an 
eighth, and this in a very ſhort Tube: 
which we therefore mention, becauſe we 
have found, by experience, that in ſhort 
Tubesa little Air is more prejudicial to 
the Experiment then in long ones, where 
the Air having more room to — 
ell, 


_ (129) 
ſelf,does leſs potently preſs upon the ſubs 
jacent Mercury. ; 

And fince we are falſen upon the confi- 
deration'of the Altitude of the Mercurial 
Cylinder, I muſt not conceal from Your 

Lordſhip an Experiment relating thereun- 
to, which-perhaps will ſet both You and 
many of your Friends the Yirt»oſs a think= 
Ing 3 bas by diſcloſing ſome things a- 
bout the Air or Atmoſphere that have 

ſcarce hitherto been taken notice of, may 

_ efford you ſome hints conducive to a fur- 

, _ diſcovery of the ſubject of this E- 

piltle, 


VY/E took a Glas Tube, which, Expoi: 
- though it were not much above met 13, 3 


three Foot long, we made choice of be- 
cauſe it was of a more then ordinarily 
even thickneſs. This wefill'd with Mer- 
cury, though not with as much care as we 
could, yet with ſomewhat more then is 
wont to be uſed in making the Torricellian 
Experiment. Then, having according to 
the manner inverted the Tube,and open'd 
the mouth of it beneath the ſurface of 
{ome other Quick-filver,that in the Tube 
tell dowa to the Go hezgth, leaving, 
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2s is uſual, ſome little Particles'of Air in 
the ſpace it deſerted, as we gheſt/by ob- 
ſerving. that uporethe Application of hot 
Bodies to the upper part of the Tube, the 
Quick-filver would-be a little.depreff'q. 
Laſtly, having pur both the Tube and the 
Veſſel it lean'd on into a convenient 
Wooden Frame, to keep them from mi(- 
chances: we plac'd that Frame ina-:Win- 
dow within my Bed-chamber,thatI might 
both keep the Mercury from being ſtirr'd, 
and have opportunity to watch from time 
co time the Phenomena it was to exhibit, ® 
For the better diſcovery of which, .when 
the Quick-ſilver both in the Tube and 
ſubjacent Veſſel was perfectly at reſt, we 
took notice, by a mark made on the out- 
fide of the Glaſs, how high the included 
Liquor then reach'd. 

During ſeveral Weeks that the Tube 
was kept in that Window (which was very 
rarely open'd) I had the opportunity to 


obſerve, that the Quick-filver did ſome- 


times faintly imitate the. Liquor of a 
Weather-glaſs,ſubſiding a little in warm, 
andriſing alittle in cold Weather, which 
we aſcribed to the greater or lefler prefſure 
of that little Air that remain'd at the top 
of the Tube, expanded or conden('d by 

the 
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the heat or cold that affeted the ambient 
Air, - But that which I was chiefly careful 
to.obſerve, was this, T hat oftentimes the 
Quick-ſilver did riſe and fall in the Tube, 


andthat very norably,withoutconforming . 


ic ſelf ro what is uſual in Weather-glaſles, 
whoſe Air is at the top, nay quite contrary 
_ thereunto: for ſometimes I obſerv'd it in 
very cold weather(ſuch as this Winter has 
already afforded us good ſtore of) to fall 
down much lower then at other. times , 
| when by reaſon of the abſence of both 
* Froft, Snow, and ſharp Winds,the Air was 
comparatively much warmer, And I fur- 
ther obſerv'd, Thatſometimes the Quick- 
ſilver would for ſome days together reſt 
almoſt at the ſame height; and ac other 
times again it would in the compals ofthe 
ſame day conſiderably vary irs altitude, 
though there appear'd no change either in 
the Air abroad,or in the temper of the Air 
withia the Room (wherein was conſtantly 


kepta good Fire) nor in any thing elle,to 


whicheicher I,or ſome eminently: Learned 
Men whom I chen acquainted with the 
Experiment , could reaſonably impute 
ſucha change: Eſpecially conſidering that 
the ſpace wherein the Mercury wandred up 
and down, within about five Weeks, a- 
mounced to full cwa Inches, ot which we 
ys found 
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found by dur ſeveral marks whereby we 
had takennoticeofits ſeveralremoves,thar 
it haddeſcededabout 2 of an Inch from the 
place where it firſt ferled,8c the other Inch 
andZ it had aſcended. Andit ſeems pro- 
bable thatthe height of the Mercurial C 
linder would have varied yet more, if t 
Experiment had been made 1n the open 
Air and in along Tube, where the Parti- 
cles of the Impriſon'd Air , by having 
more room to diſplay themſelves in, 
might nothave had ſo ſtrong a Spring to 
work upon the Quick-f1lver with. But tot * 
want both of time and of a competent 
quantity-of Mercury (which was not to be 
procur'd where we then happen'd to be) 
we were unable to make any further try- 
als : which therefore chiefly troubled us, 
becauſe we would gladly have try'd an in- 
genious Experiment which was hoveltes 
unto us by that excellent Mathematician 
Mr. Wren,who being invited to name any 
thing he would have us try touching the 
preflure of the Air, deſired us to obſerve 
whether or no the Quick-filyer in along 
Tube wouldnot alittle vary its height ac+ 
cording to the Tides,eſpecially about the 
Newand Full Moon, about which times 
Mariners obſerve thoſe great Flowings 
and Ebbs of the Sea, that they call the 
IE Gy 
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EOS. For he ſagaciouſly and 
plauſibly conjectur'd that ſuch obſeryati- 
ons accurately made, would diſcover the 
cruth or erroneotſneſs of the Carteſian 
Hypotheſis concerning the Ebbing and 
Flowing of the Sea: which Des Cartes 
aſcribes to the greater preſſure made upon 
the Air by the Moon, and the Intercur- 
rent Ethereal Subſtance at certain times 
(of the Day, and of the Lunary Moneth) 
then at others. Bur in regard we found 
the Quick-filver in the Tube to move up 
and down ſo uncertainly, by reafon, as it 
ſeems, of accidental mutation in the Air 5 
I ſomewhat doubt whether we ſhall finde 
the Altitude of the Quick-filver to vary 
25 regularly as the Experiment 1s 1ngeni- 
ouſly propo{ld. The ſucceſs we ſhall (God 
permitting us to make tryabof it) acquaint 
Your Lordſhip wichz and in the mean 
time take notice, that when we had occa- 
ſion to take the Tube out of the Frame 
(afterit had ſtaid there part of November 
and part of December ) a good Fire being 
then inthe room, becauſe it was a Snowy 
day, we found the Quick-filyer in the 
Tube to be above the upper ſurface of 
the ſubjacent Mercury 29 Inches three 


 - 
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If Your Lordſhip ſhould now ask me 
whar are the true cauſes of this yarying al- 
titude of the Mercurial Cylinder; I ſhould 
not undertake to anſwer ſo difficult a que- 
ſtion, and ſhould: venter to ſay no -more, 
then that among divers poſſible cauſes to 
which it may be aſcribed, it would not be, 
perhaps, abſurd to reckon theſe that fol- 
low. 

Firſt then we may conſider, that the Air 
inthe upper part of the Tube is much 
more rarified, and therefore more weak 
then the external Air, as may appear by 
this among other things, That upon thein- 
clining of the Tube the Quick-filver will 
xeadily aſcend almoſt to the very top of 
it, and ſo fake up eight or nine tenth parts, 


and perhaps more of that ſpace which it 


deſerted before: which would not happen 
if that whole ſpace had been full of unra- 
rified Air, ſince that (as tryal may eaſily 
ſatisfie you) would not have ſuffer'd it 
ſelt co be thruſt into ſo narrow a room by 
ſo weak a preſſure. So that although in 
our Tube when the included Air was 
heated, the Quick-ſilver was {ſomewhat 
depreſt'd : Yet there is this difference be- 
twixtſucha Tube and common Weather- 
Glaſles, that in theſe the included and the 
"4 - 7 = anaent 
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ambient Air are in an «/£quzl;brium 45 to 
| preſſure, and the weight of the Water 
that keeps them ſeparate is (carce conft- 
derable. Whereas in ſuch a Tube as we 
are ſpeaking of, the Air within is very 
much more dilated then that without « and 
'tis not ſo much the ſpring or reſiſtance 
of the included Air, as the weight of the 
Mercurial Cylinder it ſelf that hinders the 
Quick-lilver from aſcending higher; for 
if weſhould ſuppoſe thar.deſerted part of 
the Tube pertetly deyoid of Air, yet 
- would the Quick-filver riſe but a little 
higher in it, and be far from filling it, in 
regard the qutward Air would not be 
able to impel up ſuch a weight much 
higher : whereas it may, by our former 
Experiments appear, that if all the Airin 
the upper part of a Weather-Glaſs were 
away,the Water would be impell'd up to 
the very top of it, though the Pipe were. 
above thirty Foot long. 6 

We may next conſider, that this ra- 
rified Air at the upper part of our Tube 
being exactly ſhut up betwixt the Glaſs 
and the Quick-1lver, it was {carce ſubject 
t0 any diſcernable alterations, ſave thoſe 
It receiv'd from heat and cold, 


And 


And we may further conſider that yer 
theexternal Air or Atmoſphere is ſubje 
co many alterations, - beſides them that 

proceed from either of thoſe Quai. 
ries. 
For the Experiment that occaſton'd 
this Diſcourſe, ſeems to make it proba- 
ble enough that there may be ſtrange 
Ebbings and Flowings, as it were, in 
Atmoſphere or at leaſt, that it may ad- 
mit great and ſudden Murations, either as 
to its Altitude or xs Denfity,trom cauſes, 
as well unknowa to us, as the effects are 
 Unheeded by us. And that You may not 

- think that there is nothing in Nature but 
our Experiment that agrees with this our 
conjeture, we might pur Your Lordſhip 
in minde of the Pains and Aches that are 
often complain'd of by thoſe that have 
had grear Wounds or Bruiſes, and that 
doe preſage great Mutations in the Air 
oftentimes, whilſt ro ſtrong and healthy 

Perſons no fign of any ſuch thing appears, 
And that is alſo very memorable to this 
Purpoſe, which I remember I have ſome- 
| where read in a Book of the Ingenious 
Kircherus,whogiving apertinent admoni- 

tion concerning the yarious refractions 

that may happen in the Air, relates, That 
RE I - 
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ducing his ſtay in <Halta, he often ſaw 
Mount «/£:z4, though che next day, not- 
withſtanding its being extreamly clear,he 
could not ſee it; adding, that Yiuremilline, 
avery Learned Perſon, did oftentimes, 
from a Hill he names, behold the whole 
Iſland he calls Zuprice protuberant above 
the Sea, though ar other times, notwith- 
ſtanding aclear Sky, he could not ſee it: 
Andthough perhaps this may be in part a- 
ſcribed to the various light & polition of 
theſun,or to the various diſpoſition of the 
Spectators eye, or peradventure toſome 
other cauſe; yer the moſt probable cauſe. 
ſeems to be the differing Denſity of the 
Air, occafion'd by Exhalations capable to 
increaſe the refraction, and conſequently 
bring Beams to the Eye, which otherwiſe 
would not fall on it. We have likewiſe 
in another Treatiſe mention'd our having 
often obſerv'd with Teleſcopes a plent 
of Steams in the Air, which without ſuc 
a help would not be taken notice of; and 
which as they were not at all times to be 
ſeen even through a Teleſcope, ſo they 
did ſometimes,elpecially after a ſhower of 
Rain, haſlily diſappear : and when we 
have viſited thoſe places that abound with 
Mines, we have ſeveral times been told 
y 
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by the Diggers, that even when the Sky 
ſeem'd clear, there would not ſeldom ſud. 
denly ariſe, and ſometimes long continue, 
a certain Steam (which they uſually call 2 
damp) ſo groſs and thick, that it would 
oftentimes put out their very Candles, if 
they did not ſeaſonably prevent it. And 
I think it will eaſily be granted, that the 
aſcenſion of ſuch Steams into this or that 
part of the Air, and their mixing withit, 
are very like to thicken it ; as on the 0- 
ther ſide either heat or the ſudden conden- 
{ation of the Air in another part of the At- 
moſphere (to mention now no other cau- 
{es) are capable of rarifying it. 

Nor will it very much import the main 
{cope of our Ditcourſe , whether it be 
ſuppoſ'd that the copious Steams the 
earth (ends into the air, thicken that part 
of the Atmoſphere that receives them, 
and make it more heayy : Or that ſome- 
times the Fumes may aſcend with ſuch ce- 
lerity, that though the Air be thicken'd 
yet they rather diminiſh then encreaſe its 
gravitation, in regard that the quickneſs 
of their aſcent, not onely keeps them 
from gravitating themſelves, but may 
hinder the preſſing downwards of many 
Aerial Corpulcles that they meer oy in 

| their 
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their: way npwards. -This, I ſay, is o$ 
no great importance to our-preſent Dit- 
courſe, i ſince either way the Terreſtrial 
Steam. may. here and there conſiderably 
- ater the gravity or preſſure of the At- 

moſphere, « 3B 
Your Lordſhip may alſo be pleaſed to 
remember, That by our ſeventeenth Ex» 
periment it appear'd that as when the'Air 
in the Receiver was expanded more then 
ordinarily, the Quick-filver in the Tube 
did-proportionably ſubſide; ſo when the 
Air inthe ſame Receiver was alittle more 
then ordinarily compreſſ'd, it did impell 
up the Quick-f1lver in the Tube above 
the wonted height of -betwixc fix and ſe- 
ven and twenty digits. 1-3 
And it to theſe things we 2nnex, that 
for ought we can finde by tryals purpoſe- 
ly made, the degree of [rarity or.denfity 
of the Air,ſhut up into our Recaver, does 
not ſenſibly alter its temperature as to 
cold or heat. Ir will not, I hope, appear 
| abſurd to conceize, Thar ſince the Air, 
included in the Tube,could bur very faifit- 
ly hinder the aſcene of the, Quick-filver, 
orprels it downwards,lince too thatinclu- 
ded Air could ſcarce immediately, receive 
any ſenſible alteration EO by heat 
or 


( 140) 
or cold; And ſince alſo thar according to 
the bare denſity or :rariry of . the Air in- 
cumbent on the ſfubjacent Quick- ſilver in 
the Veſſel, tharinche-Tube was impell'd 
nid6re or leſs high; ſuch changes happen- 
ing in the neighboring part ofthe out- 
ward Air, either by the aſcenſion of groſs 
or-copious exhalations, or by 'any other 
cauſe (of which there may be divers) as 
werecapable to make conſiderable altera- 
tions inthe confiſteace of the Air, as to 
rarity and denfity, ay be able propor- 
tionably to- alter the heighth of the 
DQuoick-ſilver: I tather ſay, that ſuch alte- 
rations way be, then that they are the 
cauſes of our Phenomenon _—_—_— I chink 
it ſufficient, if I have propoſ'd. conje- 
Quures:not altogether irration2l about 1 
new Myſtery of Nature, touching which, 
the chief thing 1 pretend to, is ta give 06 
caſion to the Curious to inquire: further 
into it then I have been yet able to do, 


Experi- *J*He ſame Reaſon that moy'd us to 
mut 19. '*: conclude,”thatby'the drawing of che 
Air out of the Receiver; 'the : Mercury 
would defcend/ina Tabe thotter rhen fix 
and twenty :digirs, inducd usalfo to oy 

a pect, 
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pe, that by che' fame' means: Water 
might be brought co. ſubfide-in:: Glaſs 
Tubes of a moderate lengch, though by 
the noble Experiment, ſaid to habe been 
accurately made in France by Monſieur 
Paſchal, we are informed thart:a: Tube of 
no leſs then -about two and thirty. Foot; 
was found requiſice to make the Expeti- 
ment De Yacao \ucceed* with Water: ut- 
ſtead of Quick-filver : ſorall a Cylinder 
of that lighter Liguor, being, itfeems, 
requilite to equal the weightot 'a Mercu- 
rial Cylinder of fix or ſeven and twenty 
digits, and ſurmount the preſſure of the 
Atmoſphere. ;4 "B87 3th —— 
We cook then a Tube of Glaſs, Her» 
metically ſeal'd at one end, of abour four , 
foot in length, and not very ſlender : This 
fe open end we fill'd with common 
Water, and then ſtopt that 'end-rill we 
had inverted the Tube, and open'd it be- 
neath the ſurface of a quantity of the like 
Water, contain'd inaiomewhat deep and 
ſlender Veſſel. This Veſlel, with the 
Tube in it, was let down 1nto.the Recei- 
ver, and the Receiver being clo{'d up af- 
ter the accuſtom'd manner, the Pump was 
ſet awork, | 
k 2 AS 
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+" As/muctrot the event as concerns our 
preſentpurpoſe, was this, 'T hat cill a con. 


fiderable'part_ of the Air was drawn our 
of the Receiver, the Tube continu'd top- 
full of 'Water as whenit was/put in, it be. 
ingrequiſite that a great part of the Air 
formerly.contain'd in the Receiver, ſhould 
be drawn'out, to bring the remalning 
Air to:an/e£ysilibrivy with ſo ſhort and 
hght a Cylinder. of: Water. But when 
once the Water began to fall in che Tuve, 
then each :ex{action .of Air made it :de- 
ſcenda little lower, though nothing nex 
1o.much as'the Quick-filver at the begin 
ning didin the Experiment formerly men: 
cion'd,- ' Nor did there :appear {o much 
inequality. in the ſpaces. tranſmitted by 
thei Warer in its deſcent, as there did in 
ehoſeoblerv'd in the fall of .the Quick- 
ſilver; of which the cauſe will ſcarce ſeefff 
abſtruſero bim that ſhall duly reflect up- 
on \yhat has. been already deliver'd, And 
whereas we drew down the Quick- fi]ver 
1nthe'Tuhe ſo far as to bring it within.an 
Inch of 'the-furface of the other Quick: 
{11ver into which-it was to fall; the loweſt 
we: were able ro draw down the Water. 
was, by our conjeQure, to abguta Fagt 
£5 " or 
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or more above the ſurface of that in the 
Veſſel; of which I know not whether ic 
willbe needfal to afſign fo obvidusacanſe = 
as:that, though the l:ccle Air remaining 


in the Receiver could nor hinder a Cylin> © - " 


der of above an Inch high of Quick-filver 
from ſabſiding.z yer it mighr- very well 
| beablezbyiirsprefſure, ro countervalbthe 
weight of a:'Cylinderof a/Footilong. or 
more,of a Liquor ſo'much leſs ponderons 
then Quick-filyer, as Wateris./' [Andin 
fine,.to: conclude'our Experiment, when 
the Water was drawn down this low, we 
found; that by letting in the outward Air, 
wmight; be-1mmiediately-impelt'd up: a+ 
ganto the higher parts of the Tube. - 

. 'We will addeno more concerning this 
Experiment, ſave that having: try'd'it in 
oneof our.ſmali*Receivers, we abſerv'd, 
That uporr the firſt -exſuction of the Air 
the Water did uſually : ſabfide divers In» 
ches; and at' the ſecond (exfuttion) fall 
down much lower, ſubſt1ding ſometimes 
near ewo Foot, as alſo that upon the let» 
tinginof the Air from withour, the Wa- 
ter was impell'd-.up with very great ce- 


lerity, 
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Hat the Air has a. notable- Elaſtical 
Experi- - &;- power ((whenceſotver that proceeds) 
went 20. we have, :Iiſuppoſe, abundantly evinc'd, 

and it begins to beacknowledg'd by. the 
eminenteſt Modern Naturaliſts. But whe: 
ther or no'there be in Water ſo :nuich as 
alanguidone;ſeems hitherc6to have becn 
ſcarce conſider'd, nor has been yer, for 
ught.I know, determin'd/ either way.by 
any Writer, which invited us'to make the 
followiggExperiment.: tn 
_ There was taken a great Glaſs-biibble, 
witha long neck ; (ſuchas Chymiſtsare 
wont to call a Philoſophical Egg) which 
being fill'd with common Water till-the 
Liquor reach'd about a ſpan above'the 
bubble, and a piece of.Paper being there 
paſted on, was. put unſtop'd into the Re- 
ceiver, and then the Air was ſuck'd out 
after the wonted manner.” The event wis 
this, That a conſiderable. part of the Air, 
pou up in the Receiver, was drawn out 
tore we diſcern'd any expanſion of the 
"Water; but, continuing the labor of 
pumping, the Water manifeſtly began to 

aſcend in the ſtem of the Glaſs, and di- 

vers bubbles looſening themſelves _ 
eng 


the lower-parts of the Veſſel made their 
way through. che Bady-of.cbe War, fo 

he top: of it, and there, brake -iaeq: the 
Receivers: And after the, Water og aÞ- 
pea'd toſlwell,then at eachtimetheg86p= 
cock was turn'd to let out the air framithe = 
Receiver-intothe Pamp,the: Waretinghe 
Neck of; the Glaſs. did; {ſuddenly riſe a- 
bout- the breadth of.a Barly-corn in-che 
Neck of.the Glaſs, .and-ſo.attain'd,;by 
degrees, 10 a conſiderable height above 
the mark formerly mention'd. + And, at 
length{x@mke theexpaniion ofthe War 
ter -more-evident) the, outward Airyas 
ſuddenly; ler, in, and.the Water immedi- 
ately ſubſided and deſerted. all the ſpaceic 
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hadnewly-gain'din the Glaſs, 3 
Aad, {0n;this occafion, it will not-per- 
haps be amiſs to acquaint Your Lordſhip 
here (though wehave'alceady mention:d 
it in agother Paper, ro another purpoſe} 
with another Expedient that we made ple 
of two or three years ago, £0 try whether 
orno Water had a Spring init. Abonr 
thattime then, That Great and Leatned 
Promoter of Experimental Philoſophy 
Dr. Wilkins , doing me the Honor to 
come himſelf, and bring ſome of tus. in- 
quiſitive--Friends to; my Lodging, we 
ET 1 K4 there 
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(146) : 
"thete had'in readineſs a round and hollow 
'Veſſtt of Pewter, great enough to con- 
taintwo pounds of Water, and'exaRl 
Cloſe every where, but at onelitrle hole 
where it was to be' fill'd z then partly by 
Facking our the Air, and partly by inje&- 
ing” Water with a Syringe, it was (not 
withour ſome difficulty) fill'd up to the 
'top-z and that hole being plac'd*diretly 
vpwards, there was a little more Water 
Teiſurely forc'd in by the Syrinze.** Upon 
which, though'the Veſſel were permitted 
toreſt,and thehole kept in its fotimer po- 
ſture, yet the compreſ{'d Warer leiſurely 
ſwell 'd above the Orifice of the hole, and 
divers drops ran over along the fides of the 
Veſſel. After this, we cau('d a skilful Pew- 
terer (who had made the Globe) :to cloſe 
It uP in-our prefence with Soder ſo exqui- 
ficely, that none ſuſpected there was any 
thing left in it beſrdes Water. Andlaſl- 
ly, the Veſſel thus ſoder'd up, was wari- 
ly and often ſtruck in divers places with 2 
Wooden MAaller, and thereby was mani- 
feltly comprefl'd, whereby the incloſed 
Water was crouded intoleſs room then it 
had before: And thereupon when we took 
a Needle, and with itand the Mallet per- 
forated the Veſlel, and drew out the 

"- "Needle 
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/Needle againz the Water (but in a very 
Nendet Stream) was ſuddenly thrown at- 
reritinto the Air, to the height of *twa 
or three Feet. As for the other Phanome- 
of this Experiment, fince they belong 
zot to our preſent purpoſe, and are partly 
mention'd in another of our Papers; we 
ſhall, inſtead of recording them here, give 
this Advertiſement : That as evidently 
#tchis Experiment, and that made in our 
Receiver, ſeem to prove a power in the 
Water to expand-and reſtore it ſelf after 
compreſhon z. yer fora reaſon to be mer 
with ere long, :I judged it not ſafe toin- 
fer that Concluftonfrom theſe Premiles, 
till Ihad made ſome of the tollowing try- 
als, to the mention'of which I will there- 
fore haſten, 2 0 7 
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TO diſcover whether the. Expanſion Experis 
of the Water really proceeded ment 21, 


from an Elaſtical power in the parts of 
the Water it ſelf, wethought it requiſite 
totry two things: The one, Whether or no 
the Acmoſphere gravitates upon Bodies 
under Watef ; and the other, Whether 
n caſe it do gravitate, the Intumeſcence 
of the Water may not be aſcribed to _ 

| uDs 
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ſubſtznce::ſobtlerithewir ſelf, cefiding i 
ic. In-order. to the ſatisfying my. ſelf abow 
the; fixt- of theſe; I xnteaded to let down 
into. thei Receivet «Vellel of Water, 
whereinſhould be immer('d a very ſmall 
oyL d Bladder Y _ nar of Air, bu 
ſtronglyty'd up attheNedk with.a ſtring, 
and detain'd a licele;under: Vaterlby fuck 
a weight-faſten'd to thatftring,. as ſhould 
Juſt ;bei2ble to :keep the: Bladde-:from 
{wymming, aad no mere. ;:For I ſuppoſ, 
that if [yyhen all/thingewere; thus oxder'd, 
the-Recewer.wereempty'd,. in caſe there 
were:anyiſych: prefiutegf the Acmoſphere 
ypon Water, as Iwanmtlin'd to believe 
the:Air within the Bladder, being updd the 


ex{uctionof the Ainwithinthe Receive, 


freed from that preſſure, and being, profl'd 
onely by the ſmall weight of the in- 
cumbent Water, would conſiderably ex- 


{4-77 Pand it (eff; bur, whil & we-werk prepa- 


. ring Bledgers for this Experiment, . there 


occur-d an ;eafte way; for; the making at 


once. both the Difeaveries I defir'd..  .. 


- : Wetogk then a Glaſs Niol,comtaining | 


by gheſs a;pound and ſome ounces of 
Watery/this we fil d tep full, ,andchen 
we putimto the Neck of. it a:Glaſs Pipe 
a pretty deal bigger-then'a Gooſe Quill, 
Tf opcn 
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opendt both ends, and of divers Inches 
in length: One end of 'this Pipe was ſo 
putintothe Neck of the Viol, as toreach 
2 little below it, and then was carefully 
cemented thetero that. no Air might get 
into the Viol, nor no 'Warer get out of 
it,, otherwiſe then through the Pipes and 
then che Pipe being warily f111'd, . about 
half way upto the top, with more Wa- 
ter, and a mark being paſted over againſt 
the upper ſurface of the Liquor ; the Vol 
thus fitted with the Pipe, . was, by firings 
jet down into the Receiver; andaccording 
tothe wonted manner exquiſitely cloſ'd 
up mit | [2 gg 

This done, we began'to Pump out the 
Air, and when a pretty quantity of it had 
been drawn aways the Water in the Pipe 
began to riſe. higher in- the Pipe, at the 
ſides of which ſome. little bubbles diſco- 
verd themſelves. After a litcle white 
longer, the: Water ſtill ſwelling, there 
appear'd at the bottom of the Pipe a bub» 
ble about the bigneſs of:a ſmall Pea, 
which aſcending through the Pipe to the 
top of the Water, ſtaid there awhile and 
then broke; but the Pump being nimbly 
Piy'd, the expanſion of the Water ſo en+ 
ceal'd, that quickly, getting up to the 
\ cop 


'(150). 
toy of the Pipe -fome drops-of it be: 

is torun down along the out-lide of it, W 
which oblig'd tis to forbear-pumping x Ky 
while, and give the Water leave to ſub ; 
{ide within leſs then two Inches-of the ) 
bottom of the . Pipe. After: this the F 
Pump being again ſet at work,” the bub. 
bles began to aſcend from the bottom 
of the Pipe, being not all of a ſize, but yet 
ſo big, that eſtimating one with another, 
they appear'd to be of theſ1ze of the-ſmal- 
ler-ſort of Peas 'andof theſewe reckon'd 
abour fixty which came up one after ano- 
ther, beſides ſtore of ſmaller ones,of which 
we made no reckoning: And at length, 
growing weary of reckoning and pumping 
t00 (becauſe. we found, that in ſpight 
of all our pains and induſtry, -fome un- 
diſcern'd Leak: or other 'in\:the Recel- 
ver hinder'd us from being able ro empry 
it altogether) wethoughtfir-rodefiſt for 
that time. After tryal made-of what 0- 
peration the external Air ,.: being let in 
upon the expanded Water;-.would have 
and accordingly turning the 'Key:to let 
the Air,” we ſaw, as we expected, that 
the Water in the Pipe in a moment fel} 
down almoſt to the bottom of it,” 


* _ UD7 

' E Now of this Experimentthere are two 
or three Circumſtances yet to be, men- 
rion'd, which are no leſs chenthoſealrea- 
dy recited, pertinent to our preſent pur- 


e 
"I the firſt place then, hen the great- 
er part of the Airhad been pump'd out of. 
the Receiver, the riſing bubbles aſcend- 
edſo very ſlowly in the Pipe, that their 
Progreſs was ſcarce diſcernable; . which 
ſem'd to proceed fron this, That their 
bigneſs was ſuch, Thar, they could not. 
ſufficiently extend them(elves 1n -the 
cavity of the Glaſs, without preſſing, 
on both hands againſt the fades. of it, 
whereby they became of more difficulc 
extruſion to the Water. . And though ir 
may ſeem ſtrange theſe bubbles. ſhould, 
be of any- conſiderable bulk, ſince *cis 
| like they conſiſted of leſſer parcels of 
the Air lurking in the Water, then thoſe 
that were vigorous enough to make their 
way through long before them : yet they 
were commonly much larger then before, 
ſome of them being equal in quantity to 
tour or five Peas: Whether this their.1n- 
creale of bulk proceeded from the greater 
cecrement of the preſſure of the Air, 
| He - 
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or from the Union of two or three 
choſe numerous bubbles which were then 
generated belowthe bottom of the Pipe, 
where we could not ſee what was done 4. 
mong them. | 

Another thing we noted in'our bubbles 
was, That whereas in ordinary ones the 
Air, together with the thin film of Water 
that inveſts and detains, 15 wont to fell 
above the ſurface of the Water it (wims 
on, and commonly to conſtitute Hemiſ- 
pherical Bodies mith'it, the little parcels 
of Air that came up after the Receiver 
was pretty well -"«. ths did not make 
protaberant bubbles; but ſuch whoſe up- 
per ſurface was either level with or be- 
neath that of the Water, ſo thar the up- 
per ſurface being uſually ſomewhat con- 
vex, the leſs protuberant parts of it had 
a pretty quantity of Water remaining a- 
bove them, 

Wealſo further obſery'd, That where- 


as inthe bubbles that firſt appear'd in 


the Pipe, the aſcending Air did, as in 0- 
ther common bubbles, make irs way up: 
wards, by dividing the Water through 
which it paſſ'd, in thoſe bubbles rhat ap- 


pear'd at the latter end of our Experi- | 
ment, when the preſſure of the Jirtle ex- 
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ternal Air, remaining” in the Receiver } 
was grown inconfiderable, the aſcending 
parcels of Air having now” little"more 
thenthe weight of the incumbent 'Wacer 
to ſurmounr, were able both ſo toexpand 
themſelves as to fill up that part of the 
Pipe which they pervaded,” & by preſſing 
every way againſt the ſides of it;colitr 
upwards with them what Warer"they 
found above them, without letting any 
conſiderable quantity glide down along 
the ſides of the Glaſs:''So that ſometimes 
we could fee a bubble thruſt on before ic 
a whole Cylinder of Water of perhaps. 
an Inch high, and' carry it up co thetop 
of the Pipe z though as we formerly no- 
ted, upon the letting in the external Air, 
theſe tamid bubbles ſuddenly relapf'd to 
their former inconſpicuouineſs.. 

All theſe things laid rogether ſeem'd 
ſuſhciently to confirm that, which the 
confideration of the thing it ſelf would 
eaſily enough perſwade, namely, That 
the Air, and ſuch like Bodies being under 
Water, may be preſſ'd upon as well by 
theArmoſphere, as by che weight of the 
Incum bent Water it (elf. TD 

Hence likewiſe we may verifie what we 
obſery'd- at- the cloſe of the foregoing = 
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Experiment, namely, That from the ſolg 
ſweiling of Water there recorded, it can- 
not.be- ſo ſafely concluded that Water, 
when freed from compreſſion, is endow 
with an Elaſtical power of expanding it 
ſelf, ſince thereby it appears that the-In- 
tumeſcence produc'd by that Experiment, 
may (at leaſt in great part) be aſcrib'dto 
the numerous little bubbles which are 


woat to be produc'd in Water , from 


which the preſſure of the Atmoſphere is 
in great meaſure taken off, So apt are we 
co be miſ-led, even by Experiments them- 


ſelves, into Miſtakes, when either we con- | 


fider not that moſt Effects may proceed 
from various Cauſes,or minde onely thoſe 
Circumſtances of our Experiment, which 


ſeem to comply with our preconceivd 


Hypotheſis or ConjeRures. 
And hence it ſeems alſo probable, that 


in the Pores or inviſible little receſſes ot 
Water it ſelf there lie commonly inter- | 


ſperſd many parcels of eicher Air, or at 


leaſt ſomething Analogous thereunto, al- | 


though ſo very ſmall that they have not 
been hitherto ſo much as ſulpeed to 
lurk there. Bur ifit be demanded how it 
appears that there is interſperſ'd through 
the Body of Water any ſubſtance tine 

; _ then 
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thenit ſelf, and why that which produc'd 
the bubbles above- mention'd ſhould not 
bereſolutely ſaid ro be nothing elſe then 
2 more active and (pirituous part of the 
Water, we ſhall, in order to the Elucida- 
tion of this .matter, ſubjoyn to! what 
was formerly deliver'd the following Ex- 
periment, 


V \ 7 E recited in our nineteenth Ex- 


periment, how by drawing moſt Zxperi- | 
of the Air out of the Receiver, we made” ©: 


the Water ſubſide by degrees in a Glaſs 
not four Foot long: We ſhall now adde, 
that in the like Experiment made in ſuch 
1 Tube, or a greater, it may be obſerv'd, 
That when the W ater begins to fall,there 
will appear ſtore of bubbles faſten'd all a- 
long to the ſides of the Glaſs ; of which 
bubbles, by the agitation of the Veſſel 
conſequent upon pumping, there will ariſe 
200d numbers to the top of the Water, 
andthere break ; and as-the Cylinder of 
Water is brought to be lower and lower, 
lothe bubbles will appear morenumerous 
0 that parr of the Tube which the Water 
yet fills; and the nearer the ſurface of the 
Water, inits deſcent, approxches to theſe 

| L; bubdles, 
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bubbles, the greater they will $row, be. 
cauſe having the leis weight and preſſure 
upon them, the Expanſion of. that Air 
which makes them, can be the leſs reſiſted 
by the preſſure of the incumbent Water 
and Air; as ſeems probable from hence, 
that upon the letting in a little external 
Air, thoſe bubbles immediately ſhrink, 

It may indeed, as we lately intimated, 
be conjectur'd, that theſe bubbles pro- 
ceed not ſo muich from any Aur pre-exi- 


. Kent in the Water, and lurking 1n the 


Pores of it, as from the more ſubtle pars 
of the Waterit (elf; which by the expan- 
fion allow'd them upon the diminiſh'd 
preſſureof the ambient Bodies may gene- 
rate ſuch bubbles. And indeed, I amnot 
yer'fo well ſatisfied that bubbles may not 
(at leaſt ſometimes) have ſuch an Origins- 
ct0n : but that which makes me ſulpet 
thac thoſe in our tryals contain'd real Air 
formerly latitant in the Pores of the Wa- 
ter, 1s this, That upon the inletcing 0! 
the external Air, the Water was no! 
again impell'd ro the very top of th: 
Tube whence it began to fall, but wis 
ſopt in its aſcent near an Inch beneath 
the top. And lince, if theupper part 0 
the Tube had been devoyd of any on 

chen 
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then ſuch Ethereal matter as was ſubtle 
_ enough freely to penetrate-the pores of 
the Glaſs, the external Air would have 
been able to 1impel che Water to the rop 
of a Tube ſeven or eight times as long as 
ours was 3 The Phenomenon under conſi- 
deration ſeem'd maniteſtly to argue that 
the many bubbles that broke at the top 
of the Wate: did contain a. real Air, 
which, being colleRed into one place and 
hinder'd by the top of the Glaſ(s.from re- 
ceding, was able to withſtand the preſſure 
of the outward Air. As we ſee that if 
never ſo little Air remain in the Tube up- 
on the making the Experiment De Yacuo 
with Quick-filver, no inclining of the 
| Tube, though along one, will enable a 
Man to impel the Mercury up to,the very 
top, by reaſon (as we formerly noted) 
of the reſiſtance of the included Air, which 

will not be compreſfl'd beyonda certain 
degree. | 
But in order to a further Diſcovery what 
our bubbles were, we will, on this oCca- 
fon, intorm Your Lordſhip that we try'd 
the XIX* Experiment in one of our (mall 
Receivers, and found, that upon the draw- 
Ing down of the Water, ſo many bubbles 
ciicloſ'd themſelves and broke into the 
L 2 upper 
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upper part of the Tube,that having after- 


wards'let in the external Air, the Water 
was not thereby impell'd to the top of the 
Tabe (three Foot in length) within alir- 
tle more then half an Inch. And whe. 
ther or no itwere Air that poſleſl'd tha 
ſpace at the-rop ot the Tube which was 
not fill'd with Water, we took this courſe 
toexamine, | We drew the ſecond time 
the Airout of the Receiver, and found, 
that by reaſon of the body that poſleſfd 


the top of the Tube, we were able not 


onely to make the Water in the Tube fall 
to alevel with the ſurface of the Water 
in the Veſſel : But alſo (by plying the 
Pump alittle longer) a great way beneath 
it: which ſince it could not well be aſcrib'd 
to the bare ſubſiding of the Water byrea- 
{on of ite own weight, argued that the Wa- 
ter was deprefi'd by the Air: which was 
confirm'd by the Figure of .the ſurtace of 
the Water in the Tube, which was much 
more concave then that of Water in 
Tubes of that bigne(s uſes to be. And 
this further tryal (ro adde that upon 
the by) we made at the ſame time, That 
when the Water in the Pipe was drawn 


down almoſt as low as the Water without 
it, weoblerv's, that (though we defiſted 
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from pumping) by the bare application 
of ahand moderately warm tothe deſert» 
edpart of the Tube, the remaining Wa= 
rer would be ſpeedily and notably de- 
prefl'd. And having for a while held a 
kindled Coal to the outſide of the Tube, 
(the Pump being ſtill unimploy'd, becauſe 
the Veſlel chanced to hold extraordinarily 
well) the Air was by the heat fo far ex- 
panded, that it quickly drave the Warer 
to the bottom of the Tube, which was 
divers Inches beneath the ſurtace of the 
_ ambient Water, Whereby it appears(by 
the ſame way by which we formerly mea- 
 fur'd the dilatation of the Air) that the 
Air, even when it is expanded to between 
g0and 100 times, its extent will yet rea- 
dily admit of a much further rarifaction 
by hear. 

I confider'd alſo that in caſe the Bub- 
bles we have been ſpeaking of, were pro- 
duc'd by the parcels of Air latitant in the 
Water, that Air being now got together 
totnetop of the Tube, though the Air 
were again drawn out of the Recetver, 
thetaking off its preſſure would not dil- 
cloſe bubbles: as before ; and accordingly, 

the Air being again pump'd out, the Wa- 
ter in the Tube deſcended as formerly : 
3 but 
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but for # great while we ſcarce ſaw one 
bubble appear, onely when the Receiver 
had been very much exhauſted, and the 
Water was fallen very low, there appear'd 
near the bottom of the Tube, certain 
little bubbles, which ſeem'd to conſiſt of 
ſuch'parcels of Air as had not, by reaſon 


of their ſmalneſs, got up to the top of | 


the Water, with the more bulkte and vi. 


gorous ones, And that which is not in- 


conſiderable, is, "That having, by letring 
inthe Air, forc'd up the Water into the 
Tube, we could not perceive that it al- 
cended nearer the top, though we per- 
mitted the Engine to remain unimploy'd 
for two or three Nights together , and 
| watch'd whether the Water would {well 
up and fillthe Tube. And on this occa- 
ſion Iremember, that having try'd ſuch an 
Experiment as this with Quick-filver in- 
ſtead of Water, in a Tube of about a Foot 
and a half long, wherein it might ſeem 
more hopetul toeſcape bubbles; yet up- 
on the drawing down the Quick-filver as 
ow as we could, and letting in the exter- 
nal Air upon it, we found that ſome urk- 
13g particles of Air were got up to the top 
of the Tube, and hinder'd the Quick- 
ſilver from being forc'd up again ſo __ 
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And though the Quick-ſilver were by 
this-means brought to appear a very cloſe 
 andlovely Meralline Cylinder, not inters 
rupted by interſper('d bubbles as before z 
yet+having caul'd the Air to be __ 
drawn out. "of the Receiver, I could per 
ceive ſeveral little bubbles to diſciols 
themſelves, faſten'd to the infide of the 
Tube, near the bottom of itz and having 
purpoſely wach'd oneor two of the chiefs 
eſt, I had the pleaſure to obſerve, that 
though they grew bigger and bigger as 
the ſurface of the Mercurial Cylinder fell 
nearer and nearer to them, ſo as that at 
length they ſwell'd into a conſpicuous 
bulk; yet upon the wary letting in the 
Air upon them, they did not break, buc 
preſently ſhrunk up iato a littleneſs that 
Tender'd them incon{picuous, 

Whence it ſeems very probable, if not 
certain, that even in the cloſeſt and moſk 
ponderous Liquors, and therefore much 
morein Water, there may lurk undiſcern- 
able parcels of Air, capable, upon the 
removal of the preſſure of the ambient 
Air (though bur in part) and that of the 
Liquor wherein it lurks, -to produce con- 
{picuous bubbles. And conſequently, it 
It itſcem inconventent to admit an: Elaſtical 
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power in the Water, it may be aid that 


the ſwelling of the comprefi'd Water in 
the Pewter Veſlel lately mentiond, and 
the ſpringing up of the Water at the hole 
made by the Needle, were not the effects 
of any internal E/ater of the Water, bur 
of the ſpring of the many little particles 
of Air diſper('d through that Water, and 
_ a&ingupon it in their ſudden recovering 

themſelves to a greater extent, then that 
to which a violent compreſſion had re- 
duc'dthem. 


But though, from all theſe particulars, 


it ſeems manifeſt that the bubbles we have 
been all this while treating of, were pro- 
duc'd by ſuch a ſubſtance as may be pro- 
perly enough call'd Air, yet till we ſhall 
have had the opportunity of making 
ſome further tryals concerning the nature 
of the Air, weſhall not reſolucely deter- 


mine whether or no Air be a Primogenial 
Body (it I may fo ſpeak) that cannot | 


now be generated or turn'd either into 
Water or any other Body. Yet in the 
mean while ' (becauſe it is an important 
Queſtion, andit rightly determin'd, may 
much conduce to the knowledge of the 


R . 


nature 


(163) 
nature of the Air) Wethink irnot unfic 
tomakea briet mention of ſome of the 
particulars which ar prefent occur to our 
thoughts in tavor of either part of the 
Queſtion. 

Firſt then, divers Naturaliſts eſteem the 
Air (as well as other Elements) to be in« 
generable and incorruptible. And reaſons 
plauſible enough may be drawn to coun- 
tenance this Opinion from the confidera- 
tion-of that permanency that ought to 
belong to the corporeal Principles of 0- 
ther Bodies. 

Next, Experience may be pleaded to 
the ſame purpoſe, tor I have readot ſome 
who have in vain attempted to turn Air 
into Water, or V Vater into-Air. * 
The diligent Schottws rells us , That a- 


mongſt che other rarities to be met with hy/r:ico< 


in that great Repoſitory of them, th 
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Muſeum Rercherianum, there is 4 round Clad, i, 


Glals with a tapering Neck near half full 
(as one may gueſs by the Scheme he an- 
nexes) of ordinery Spring-water, which 
having been Hermetically ſhur up chere 
by Clavins the famous Geometricizn,, 
The included water is to this day pre- 
lerv'd, not onely clear and pure, as if 
R were but newly pur in:But (as it ſeems) 
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without: (in the leaſt) turning into Air, 
notwithſtanding its having been kep 
theretheſe fifty years : For he tells yg, 
That the Water hath continued there all 
this while without any diminution. 

Nor. does it appear in thoſe Glaſſes, 
which for Chymical Experiments we uſy- 


call it) that the included Air does, during 

its long Impriſonment, notwithſtanding 

the alteration it receives from various de- 

orees of heat, diſcernably alter its nature, 
Whereas we plainly perceive inour Dige- 
ſtions and Diſtillations, that though it 

may be rarified into inviſible Vapors, yet 

1t 1s not xeally chang'd into Air, but onely 
divided by heat, and fcatter'd into'vey 
minute parts, which meeting together in 

; the Alembick or inthe Receiver, do pre- 
tently return into ſuch Water as they con- 
{tituted before, And we alſo (ce, that 

ev n Spirit of Wine, and other ſubtle and 
tugiuveSpirits, though they eaſily fly n- 

to the Air, and mingle with it, do yet if 


the aiiguiſe of Air, and reſume the deve- 


Salts,as of Urine, Harts-horn, ec. though 


ally cloſe-with Hermes his Seal (as they 


the Glaſles of Chymiſts eaſily lay aſide 
[ted torm of Liquors.: And ſo volatile | 


they will readily diſperſe themſelves 
| through 
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through the Air, and play up and downin 
the capacity of an Alembick or a Recei- 
ver: yet will they, after a while, faſten 
themſelves to the inſides of ſuch Glaſſes 
inthe form of Salts. 

Beſides, fince Air is confeſſedly en-> 
cow'd with an Elaſtical power that proba- 
bly proceeds from irs Texture, it appears 
not what it 1s that in ſuch light alterations 
of Water, as are by many preſum'd ca- 
pbleof turning it into Air, can berea- 
ſonably ſuppoſ'd ſo to contrive the Parti- 
cles of Water, as to give them, and that 
permanently, the ſtructure requiſite to a 
Spring. I adde the word, Permanently, 
becauſe thenewly mention'd obſervations 
ſeem to argue the Corpuſcles of Air to 
be irreducible into Water, whereas the 
Aqueons Particles may perhaps for a. 
while be ſo vehemently agitated, as to 
preſs almoſt like Springs upon other Bo- 
dies; yet upon the ceaſing of the agitati- 
on, they quickly, by relapſing into War 
ter, diſcloſe themſelves to have been no- 
_ elſe whil'ſt chey counterfeited the 

Ir. 
Laſtly, The Experiment formerly made 
In our Engine with a piece of Match, 
ſeems to evince, that even thoſe light and 
_—_—  _T@A®T > mon 
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ſubtle Fumes (forthe moſt part not aqe: Wl 

ous neither) into which the Fire it. M.A! 
ſhatters dry Bodies, have no ſuch Spring Bo 

in them as the Air, ſince they were unable I {U' 

to hinder or repreſs the expanſion of the ii 

Air included in the Bladder they ſurroun- I 

| ded. = ter 
Natural + ] remember indeed that the Learned I 
nn wag Foſephus Acoſta, in his Hiſtory of the th 


dies, Lib.3. Weſt Indies, tells us, That he ſaw in thoſe kl 


parts {ome Grares of Iron {oruſted and ly 
conſum'd by the Air, that the Metal be- I ®* 
ing preifd between the Fingers, diſſoly'd I © 


(touſe his words) to powder, as if it had f 
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 anyof its genuine parts, but from ſome 


been Hay or parched Straw, And I re- 
member too, that the accurate Yareniu I ) 
cells us, That in the Iſlands commonly 
called Azores, the Air (and Wind) is{o Ii * 
ſharp, thatin aſhort time it frets not only Il 
Iron Plates, bur the very Tiles upon the 
Roots of Houſes, and reduces them *0 
duſt, And I have elſewhere mentiond 
ſome recent Obſervations of this kinde. 
But it may beſaid, That the above-men: 
tion'd Authors aſcribe the recited cffeQs 
chiefly to the Winds, and that howeve! 
the corroſion of the Iron and the Tiles 
may proceed not from” the Air it ſelf, 0 
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fine Corpuſcles diſperſ'd through:the 
Air, and driven by the Winds againſt the 
Bodies it is preſum'd to frer, And that 


« © ſuch volatile Salrs may copiouſly aſcend 


c 


tie Bladder, we carctully ty'd it again 


intothe Air, and yer retain their Nature, 
25doth the more fixt Salt in the Sea Wa- 
ter, the ſublimations of Sal- Armoniack 
may ſufficiently evince. Not to mention 
that I have ſhown ſome Friends a ſecrer 
kinde of ſaline Subſtance. incomparably 
ſubtler then Sal- Armoniack , which: did 
not onely ea[ily enough aſcend it (elf, but 
arried up with it (and thatin a very great 
proportion) the ſolid and ponderous Bos 
dy ev'n of uncalcin'd Goldin the form of 


{ubtle exhalations, which did afterwards 


faſten themſelves to the upper parts of 
the Veſſels, .and yet manifeſt themſelves 
tocontinue Gold, We remember alſo, 
thattotry whether Water could be turn'd 
into Air, we once took an e/£ol:pile, into 
which we had before convey'd ſome Wa- 
ter, and placing it upon kindled Coals 
when the heat forc'd out a vehement 
itream of aqueous Vapors ; we ty'd avout 
theneck of ir, that of a Bladder, which 
we had before empry'dof Air ; and find- 
ing the «/£olipile after a while to blow up 
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that-the included ſubſtance might not ge 
away; Then flipping it off trom the 4. 
lipile we conivey'd it into our Receiver, tg 
try whether or no that which in part gi. 
ſtended the Bladder would appear by jr, 
Spring to be true Air : whereby we found 
that upon the exſuction of the ambient 
Air, the included -ſubſtance expanded it 
ſelf and the Blader toa very muchgrezt- 
er bulk then it was of before, Andfor Ml © 
further ſatisfaRtion, having again taken Iſ 4% 
out the Bladder, we ſuffer'd it to remain I " 
ty'd up till next morning, to try whether I # 
time, and the coldneſs of the night, would © 
make the contain'd ſubſtance relapſe in- I * 
to Water : But the next Morning we ſl * 
found it little leſs tumid then before, I 
remember, Iſay, that I once made this 
Experiment ; but I might ſay in anſwer 
to it, that the chief reaſon of my men- 
tioning it, is, To let Your Lordſhip ſee 
how requiſite it is to be circumſpeR and 
conſiderate, when we are to make and to 
build upon nice Experiments. For though 
I may ſeem to have uſed ſufficient cauti- 

On, yet afterward: conſidering with my 

ſelf char the e/£olipile I had imploy'd wa 

a very latge one,and that it required much 

more care then one that has not mw 
WO 
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would imagine, to drive out all the Air 
MM fromalarge e£olipile, Ieafily ſuſpected 
o thatthediſtenfion of the Bladder-in our 
. & pacumatical Veſſel , might proceed not 
; from the Watery ſteams that cameoutat 
{ che narrow mouth of the «olipile, and 
EF had very much wetted the Bladder; ' but 
trom the rarified Air which in that ſort of 
Veſſels is wont for a good while together 
(0 come Out with the rarified Water: and 
accordingly having reiterated the Experi- 
ment I found it very difhcult (by rea- 
ſon of the ſhrinking of the Bladders (up- 
on their being heated) and of other impe- 
diments)to make it ſo accuratelyas to de- 
duce from it, that Water may be rarified 
into true Air, | 

Againſt the four other above-mention'd 
Conſiderations, we cannot ſpend time to 
frame Objetions, but muſt forth with 
proceed to the mention of thoſe things 
that ſeem to argue that Air (at leaſt fuch 
as produc'd our bubbles) maybe gene- 
rated of Water and other Bodies.. .. 

Firſt then we have found by Expert- 
ence that a vapid Air, or Water rarified 
Into vapor,. may atleaſt tor a while emu- 
late the elaſtical power 'of that which 1s 
generally acknowledg'd to be. true _ 

| 'Or 
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For if you take a good «</£ol:pile, with 2 
moderately ſtrong and ſlender Neck, and 
filling it with Water, lay it upon quick 
Coals,-you may after a while obſerve {6 
great a-preflure by ſome of the parts con- 
tain'din the «olrpile upon others, that 
the Water will ſometimes be thrown up 
into the Air above three ot tour Foot 
high; and if you then take the </£olip:le 
almoſt red hot from off the Fire, you may 
perceive that the Water will for a longer 
time then one would eaſily imagine con- 
rinue to be ſpouted out in a violent 
Stream. Andit there remains but little 
Water in the e£olzpile when tis taken ve- 
ry hot from the Fire, immerſing the 
Neck of it into cold Water, you' will 
finde, that after it begins to ſuck in ſome 
Water, there will be made from time to 


time ſtore of large bubbles in that Water | 


whereinto the neck was plunged. Which 
bubbles ſeem manifeſtly to proceed from 
hence, that for a while the hear in the £- 
olipile continues ſtrong enough to rarific 
part of the Water that is (uck'd in, and 
expelit inthe form of Vapors through 
the Water incumbent on the Pipe. If al- 
ſo when the e/£olipileis almoſt full of wa- 


ter, and therefore can contain bur little 
| | Air; 
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Air; you hold a Coal or Brand in that 
ſtream of Vapors that ifſues out of the 
narrow mouth of it, you will finde this 
yapid or rorid Air, (if I may fo call 1t) 
to blow the Fire very ſtrongly and with a 
roaring noiſe, And that it be not-ſaid 
that 'tis by the external Air which rhe a- 
queous ſteams drive before them, and 
not by the Steams themſelves, that the 
Blaſt is made and the Flame excited , 1t 
his been obſerv'd, that by approaching 
the Coal or Brand almoſt to the mouch 
of the eZolzpile, the winde appear'd more 
vehement then if the Body ro be Kindled 
were held fome Inches off. 
But in regard the elaſtical power of the 
Stream, iſſuing out of an e£olrpzle, ſeems 
manifeſtly due to the heat that expands 
and agitates the aqueous Particles where- 
of that Stream conſiſts, and that ſucty 
rapid winds ſeem to be but water {catter'd 
Into lictle parts and ſet a moving ſince 
we finde, that. holding a Knife, or any 
ſolid, ſmooth and cloſe Body againſt the 
ſtream that iſſues our of the Aolipile, the 
vapors conden(ing upon 1t, wil] pretently 
cover it with water : It will be very per- 
tinent to ſubjoyn a notable Experiment 
that I remember I have met with in the 
M L 1 de- 
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deſcription-given us by the Induſtrions 
Kircher, of ſeveral-Muſical Engines, And 
(though ir may ſeem ſomewhat prolix) 
we will recite what he delivers in his own 
words, which are theſe. 
Kine pe Cum codem tempore quo bec ſcrip( 
2 ſan ſummi Pont: Innocentis X®" mandato or- 
lib. 9. gani hydraulici in horto Qutrinall conſtt- 
P: 399% Ttuends cura mihi commenaata eſſet; Aoliam 
cameram inſigns ſane ſucceſſu conſtrut juſsi- 
mus, 64 que ſequitur ratione. 
 Erat loneitudo five altitude camere AH 
Kee the {if 3 Pedum, Latitudine 3 fere ex lateribu 
See the ſf- | | | 
renth 11. Conſtruct as in medio duo tenebat Diaphrag- 
we. mata CD & E] in modumcribr: plurie 
bus foraminibus pertuſa. Paulo infra a- 
palis G aquam advehens inſerebatur in Hl 
eidem epiſtomium parabat exitum. CAqui 
Hg per canalem G maximo impetu ruen» 
vehementiſsimum ventum mox intus exii- 
tabat z qui ventus nimia humiditate imbv- 
714, ut purtor exiret fucciorg., Diaphrag- 
2ngta ills in cribri modum pertuſa, ordinats 
ſunt, Intrahec enim aque wvehemens agt- 
tatio rupta orek acrem puriorem per f 
_ Canalem ſubtilioremque emittebat : Verum 
cum poſtea inventii ſit aexe plus equo hum!” 
an interioribus Organs meatibus maxim 
detrimentum inferre : Hinc ut acer . aquoſ#s 
ROS Goel 
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ſuciſsimam coſiſtentiam acquireret,ordipay 
wimus canalem plumbeum Q_R in helicews 
contortum vaſs'S aliquantulum capaciori iy 
modum Urne eformato, inſertum, Intra 
wrnam enim plumbeam & canalem tortus- 
ſum illiſus acer humidus, ita ab omni aquoſt- 
tate def ecabatur, ut ex furno in Organum 
derivatus dici potuerit, Urna S canalis 
tortuoſus Q R wltimum orificium Q_inſe- 
ritur anemothece organi. Et hunc moauns 
reants hydraulicis omnii aptiſsimi repers. 
Debet autem camera illa (ituartin loco 
quantum fiers poteſt ſicciori ita ut longo ca- 
nali aqua intra eam derivetur ne locus hu- 
miditate ſua Organts of fictat. 

Thus far the Ingenious K:rcherus,whom 
Ithe rather cite, becauſe although I have 
been informed of divers Ventidudts (as 
they cail them) by very knowing Tra- 
vellers that have obſerv'd them: Yet this 
relation of our Author being very pun- 
ual, and deliver'd upon his own particu- 
lar Experience, has, I confeſs, made me 
with I had had the good fortune when I 
Was at Rome, to take notice of theſe Or- 
94nS; or that I had now-the opportunity 
of examining of ſuch an Experiment. 
Forit upona ſtri& inquiry I ſhould find 
that the breath that blows the Orgags 
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does not really upon the ceafing of its un: 
uſual agitation by little and little relapſe 
into water, I ſhould ſtrongly ſuſpe& that 
*tis poſſible for Water to be eaſily turn'd 
into Air. I remember indeed , that we 
have formerly taughr that there lurks an 
interſperſed Airin the pores of ordinary 
Water, which may poſſibly be ſtruck out 
by the breaking of the Water in its fall 
 'Intothe Zolian Chamber, (as he calls 1t,) 
But in regard the Scheme ſeems to repre- 
ſent that Chamber as cloſely (ſhut, and 
thereby forbids us to ſuppoſe that any Air 
1s Carried into it, but what is latirant in the 
Water, it will ſcarce ſeem probable to 
him who remembers how ſmall a propor- 
tion of Air, that appear'd to be when ts 
rarification ſeaſed, which was conceal'd in 
the Water we freed from bubbles in our 
Receiver, that ſo l:ttle Air as is common- 
ly diſperſ'd through Water, ſhould be a- 
 bie, inſo lirtle Water as was requiſite for 
ſo ſmall a room, ro make ſo vehement a 

Wind as our Author here tells us of. 
have ſometime therefore ſuſpected, that 
in this caſe the Wind may be produc'd by 
{mal particles of the water it ſelf, forc- 
bly expell'd our of the Chamber into tho 
Organs, And to the ObjeRion 2/0 
wo QIE- 
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[ forefaw this gheſs to be liable, namely, 
That, no heat intervening, there appear'A1 
nothing that ſhould raiſe che Water into 
exhalations and give them an impulſe. I 
thought it m:ghc be ſaid that motion a+ 
lone, if vehement enough, may, with- 
out ſenſible heat, ſuffice ro break Water 
into very minute parts, and make them aſ- 
cend upwards, it they can no where elſe 
more eaſily continue their agitation. For 
lIremember, that Travelling betwixt Ly- 
ens and Geneva, I ſaw, not very far out of 
the Way , a place where the River of 
Rhone coming ſuddenly co be ſtreighten'd 
betwixt two Rocks, ſo near each other, 
that a Man may (if my Memory fail me 
not) ſtand aſtride upon bothat once : that 
rapid Stream daſhing with great impetuo- 
fity againſt its Rocky Boundaries, does 
break part of its Water into ſuch minute 
Corpulcles, and put them into ſuch a mo- 
tion;that Paſſengers obſerveat a good di- 
ſtance off, as it were a Miſt arifing from 
that place, and alcending a good way up 
into the Air. Such, I ſay, was my ſul- 
picion touching the Wind we have been 
conſidering, but it ſeems ſomerhing odde 
that aqueous Vapors ſhould, like a dry 
Wind, paſs through ſo long and tortu- 
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ons-a Pipe of Lead, as that deſciib'd by 
bur: Author, ſince we ſee inthe Heads of 
Stills, and the Necks of e/Zolrpzes, how 
quickly ſuch vapors are even by avery lit. 
tle cold recondenſed into Water. Bur 
to this alſo ſomething may be ſpeciouſly 
teply'd; wherefore contenting my {elt to 
havemention'd our Authors Experiment 
as a plauſible, though not demonſtrative 
proof, that Water may be tranſmutedin. 
to Air. We will paſs on to mention in 
the third place another Experiment,which 
we try'd in order to the ſameenquiry, 

 :We took a clear Glaſs bubble (capable 
of- containing by gheſs about three Oun- 
ces of Water) with a Neck ſomewhat 
long and wide, of a Cylindrical form; 
this we fill'd with Oyl of Vitriol and fair 
water, of eachalmoſt a like quantity,and 


caſting in half a dozen ſmall Iron Nails, 


we ſtopt the mouth of the Glaſs (which 
was top-full of Liquor) with a flat piece 
of Diapalme provided for the purpoſe, 
that accommodating it ſelf to the ſurface 
of the water, the Air might be exqui- 
litely excluded : and ſpeedily inverting 
the Viol, we put the Neck of it into 2 
ſmall wide-mouth'd Glaſs that ſtood rea- 
dy with more of the ſame Liquor in it, to 

xe- 
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receive it, As ſoon as the neck had reach'd: 
the bottom of the ' Liquor it was dipp*d 
into, there appear'd at the upper part 
(which was before the bottom) of the 
Viol a bubble, of about the bigneſs of 
2 Pea, which ſeem'd rather to confiſt of 
ſm3)1 and recent bubbles, produc'd by the 
act.on of the diſſolving Liquor upon the 
l:on, then any parcel of the external Air 
thar might be (uſpected to have got in 
upon the inverſion of the Glaſs; eſpeci- 
ally ſince we gave time to- thoſe little 
Particles of ' Air- which were carried down 
with the Nails into the Liquor to fly up* 
again. But whence this firſt bubble was 
produced, 1s not ſo material to our Expe- 
riment, . tn regard it was ſo-{mall : For. 
ſoon after we perceiv'd the bubbles 
produced by the action of the AMen- 
fruum , upon the Metal aſcending co- 
piouſly to the bubble already named, and 
breaking into it, did ſoon exceedingly ins: 
ceaſe it, and-by degrees depreſs the wa-! 
ter lower and lower, till at length the (ub-' 
ſtance contain'd in theſe bubbles poſleſſed 
the whole cavity of the Glaſs V1ol, and 
. Umoſt of its Neck too, reaching muctr' 
lower in the Neck then the {arface of the 
ambient Liquor, wherewith the open- 
mouth'd Glaſs was by this means almolt . 
M4 —_ RS. 
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repleniſhed. And becauſe it might be 
ſuſpected that the deprefſion of the Li. 
quor might proceed from the agitarion 
whereinto the exhaling and impriſor'd 
ſteams were put, by that heat which is 
wont to reſult from that action of corro- 
five ſalts upon. Metals, we ſuffered both 
| the Viol and the open-mouthed Glaſs to 
_ remainas they were, in a Window, for 
three or four days and nights together; bur 
looking upou them ſeveral times during 
that while, as well as at the expiration of 
it, the whole cavity ot the Glafs bubble, 
and moſt of its Neck, ſeem'd to bepol: 
{eſl'd by Air, fince by its ſpring 1t was 4- 
ble for fo long to hinder the expell'd and 
- ambient Liquor from regaining its former 
place. And it was remarkable, that juſt 
before we took the Glaſs bubble out of 
the other Glaſs , upon the application 
of a warm hand to the convex part of the 
bubble; the Impriſon'd ſubſtance readily 
Cilated it ſelf like Air, and broke through 
the Liquor in divers bubbles, ſucceeding 
one another, 

Having alſo another time try'd the like 
Experiment with a ſmall Vjol, and with 
Nails diffolv'd in Aquafortis, we found 
nothing incongruous to what we . have 
now deliverd. And this Circumſtance 
we 
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we obſery'd , that the newly generated 
ſteams did not'onely poſſeſs almoſt all the 
whole cavity of the Glaſs, but divers 
times without the aſſiſtance of the heat of 
my hand, broke away in large bubbles 
through the ambient Liquorinto the 0- 
pen Air: So that theſe Experiments 
with corroſive Liquors, ſeem'd manifeſt- 
ly enough to prove, though not that Air 
may be generated out of the Water, yet 
that in general air may be genicrated anew. 
Laſtly, co the foregoing Arguments. 
from Experience we might eaſily ſubjoyn 
the Authority of Ariſtotle, and of (his 
followers) the:Schools whoare known to 
have taught, that Air and Water being 
Symbolizing Elements (in the quality of 
moiſture) are eaſily tranſmutable into one 
another. But we ſhall rather to the fore- 
going Argument adde this, drawn from 
Reaſon, That it, as Leucippms, Democrt- 
tus, Epicurus and others, follow d by 
dvers modern Naturaliſts, have taught, 
the difference of Bodies proceeds but 
trom che various Magnitudes, Figures, 
Motions, and Textures of the ſmall 
parts they conſiſt of, (all the quali- 
ties that make them differ, being de- 
Ucible from thence ) there appeares 
no 
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ho reafon-wliy the. minute parts of W4; 
ter; and other Bodies, may.nat be fo agi; 
tated or .connedcted as to deſerve the name 
of Air, -'i/For af::we allow the Carteſian 
Hypothefs,: according to which, as we no- 
_ at.the beginning of this Letter, the 
Air may confiſt-of any terrene.or aqueous 


Corpulcles, provided they be.kept ſwims 


ming in the-interfluent Celeſtial Marter , 
it is obvious that Air may be as often ge- 
nerated, as; Terreſtrial Particles minuce 
enough tobe carried up and down, by the 
Celeſtial Matter aſcend into. the Armo« 
ſphere. Andit. we will have the Air to 
be a congertes of little ſlender Springs, it 


ſeems notiitnþoſſible, though: it be diff- 


cult,” that: the ſmall parts of divers Bo- 
dies may by a lucky concourſe of caufes 
be {o conneted as to conftitute fuch 
little Springs,{ince (as wenote in another 
Treatiſe) Water in tbe:Plants it nourtſhes 
5 uſually contriv'd into Springy Bodies, 
and even the bare alter'd poſition and con- 


nexion of the parts of a- Body may ſut- 


tice to give it aSpring that it had not be- 
fore, as may be ſeen in a thin and flexible 
Plate of Silver; unto which, by ſome 
ltroaks of a Hammer, -youimay: give 4 
Spring, and by -onely: beating it red hot 

yt you 
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Theſe, My Lord, are ſome of the 
Confiderations 'at prefent occurring to 


ny thoughts, -by which it may be made 


probable that Air may be generated a- 
new. And though ic be not impoſſible 


to popes Objections againſt theſe, as 
wel 


it favor of the contrary Doctrine ; ' yet 


Fear more'then almoſt tyr'dYour Lord- 


ſhip with'ſo ttoubleſome an' Etiquiry af- 


ter the Nature-of bubbles; © T'ſhall wil- 
lingly leave Your Lordſhip to judge of 
the Arguments alledged on either fide, 
and I ſhould ſcatce have venrut'd to enter- 
tanYou ſo long concerning'ſuch empry 
things as the Bubbles, which have occa- 
fon'd all this Diſcourſe, but'rhar I ani 
willing to invite You to'take notice with 
meof the obſcurity of things, of the dim- 
neſs of our created Intellets (which yet 


ether to Deny or Cenſure the Almighty 


kan hence this Leſſon, That there are 
| Very many Things in Natare that we dif- 

Cainfully over-look as obvions'or deſpi- 
>  -— - nn 


ell as againſt what has been repreſented _* ; 
having already almoſt tyr'd my ſelf, and 


of late too many fo far preſume upon, as 


and Omniſcient Creator himſelf?) and to 
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cable, each of- which would exerciſe our 
Lnderſtandings. if not poſe them too, if 
we would but atrentively enough conſider 
it, and not ſuperficially contemplate, but 
attempt ſatisfactorily toexplicate the na- 


. 


ture of it. 


J[nce the writing of the twenty one and 

twenty ſecond Experiments (and not- 
R's was $6 all that hath been on their 
occaſion deliver'd concerning bubbles) we 
made ſome further tryals in proſecution 
_ of the ſame inquiry whereto they were 


deligned. _ 


_ We choſe then, amongſt thoſe Glaſles 
which Chymiſts are wont to call Philoſ0- 
phical Eggs, one that containing abott 
nine Ounces of Water, had a Neck of 
halt an Inch in Diameter ac the rop, and 
as we gheſt, almoſt an Inch at the bot- 
tom ; which breadth we pitch'd upon for 
a reaſon that will by and by appear: then 
filling ir with common Water to the 
beight of about a Foot and a half, fo 


that the upper, part remain'd empty, we 


ſhut ir into the Receiver,and watch'd what 
- Would follow upon pumping, which py 
| ve 
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ved that a great part of the Air beins 
drawn our, the bubbles began to diſcover 
themſelves at the bottom and fides of rhe 
Glaſs; and increafing , as the Air was 
more and more drawn away, they did 
from time to time aſcend copiouſly e- 
nough to the top of the Water, and there 
quickly break : but by reaſon that the 
widenels of the Glaſs allow'd them free 
paſſage through the Water, they did- not 
2ppear as in the former Experiments to 
makeit {well : The Water ſcarce ever rt- 
ſing at all above the mark affixc to its up- 
per {urtace when it was put in, and upon 

| thereturn permitted to the outward Air, 
and conſequencly the ſhrinking in of the 
remaining bubbles, the Water ſeem'd to 
have loſt of its firſt extent, by the avo- 
lation of the formerly interſper['d Air, 


| Beingwilling likewiſe to try whether 
diſtilled Water were by having been di- 
_ vided into minute parts, and then re-uni- 
ted, more or leſs diſpoſd to expand it 
ſelt then Water nor diſtill'd : We took 
out of our Laboratory ſome careful- 
ly diſtill'd Rain-water , and put about 
wo Ounces of it into a round Glaſs 
| | bubble, 
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bubble wich a very ſmall Neck (notes; 
ceeding the ſixth part of an Inch in Dia. 


meter) which we fill'd half way tothe 


top, and then convey'ditinto the Recei- 
ver; the iſlue was, That though we drey 
out 'more then ordinary, . yet there ap- 
pear'd not the leaſt intumelicence of the 
Water, nor any aſcending bubbles. 

- But uſpecting thac either the ſmall 
quantity of the water or the Figure of the 
Veſlel might. have an intereſt in this odde 
Phenomenon,we took thelately mention'd 
Philoſophical Egge, and. another not 
much differing from it ;, the former we 
fill'a 'up with diſtilld Rain- water to the 
old mark, and into the latter we puta 
long Cylinder or Rod of ſolid Glaſs to 
ſtreighten the cavity of the Neck by al- 
moſt filling it up and then pouring ſome 
diſtilled Water into that alſo, till i 
reach'd within ſome Fingers breadth ot 
the top, the Eges were let down into the 
Receizer. In this Experiment the Air 


was ſo far drawn forth before there ap- 


pear'd any bubble in either of the Glaſles, 
that the diſparity betwixt this and com- 
mon water was manifeſt enough, But at 
length, when the Air was: almoſt quite 
pump's our, the bubbles began ro dl 
cloſe 
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doſe themſelves, and to. increaſe as the 
preſſure of- the Air in the Receiver de- 
creaſ'd. - But. whereas ' in the-firſt men- 
tioo'd Philoſophical Egge the bubbles 
were yery ſmall, and never able. to ſwell 
the Water, that we took natice of, at all 
above the mark : In the other, whole 
Neck, as we larely ſaid, was ſtraightned, 
and their paſlage obſtructed,: great num- 
bers of them, and bjgger,'\taltned them- 
ſelves to the lower end of the Glaſs ram- 
mer (if we may ſo call it) aod-gather'd in 
{ach numbers. between that and the ſides 
of -the Neck,. that the Water ſwell'd a- 
bout a Fingers breadth above the mark; 
though uponithe admitting of the extex- 
nal Air itrelapCd to the former mark, or, 
rather fell lomewhat below it.'' And al- 
though thereupon in the firſt nam'd Vel- 
ſel all the bubbles preſently diſ-appear'd, 
yetin the other we obſerv'd, that divers 
remained faſtned to the lower part of the 
Glaſs rammer, and continued there ſome; 
what to our wonder, for above an hour 
road, but contracted in their Dunen- 
lons, 


Moreover, having ſuffered the Glaſſes 
toremainabove twenty tour hours in tz 
Receiver, 
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Receiver, we aftetwards repeated the Eg 
periment, to try what change the ex ſug. 
on of theexterhal Air would producein 
the Water, after the internal and latitant 
Air had (as iS aboverecited) in great mea- 
ſure got away in bubbles, and whether or 
no the Water would by ſtanding re-admit 
any new particles of Air in the room of 
choſe that had forſaken it. Bur though 
weexhauſted the Receiver very ciligent- 
ty, yet we ſcarce ſaw a bubble in either 
of the Glaſſes; notwithſtanding which, 
we perceiv'd the Water to riſe about the 
breadth of a Barly-corn, or more, inthe 
Neck of thar: Glaſs whetein the ſolid Cy- 
linder had been put ; The Eiquor 1n the 
other Glaſs not ſenſ1bly (welling. 
* Andlaſtly, - upon the lerting in of the 
Air, the Water in the ftraightned Neck 
ſoon ſubſided ro the mark above which 
 1t had (wollen, which whether it ought 
| tobe aſcrib'd to the ſame ſmall expanſion 
of the parts of the Water it ſelf, or to 
the raritation of ſome yet lJatitant Air 
broken into ſuch ſmall particles, as to e- 
{cape our obſervation, ſeems not eaſily 
determinable, without ſuch further tryals, 
as would perhaps prove tedious to be re- 
Gted as well as to he made ; though I was 
con- 


F TR © 
tdnfent to ſer down thoſe Already men- 
tion'd,, that it might appear how requi- 
fireit is in nice Experiments to conſider 
yariety of Circumſtances? 


Aﬀeer having thus diſcover'd what ope- 
ration the ex{uction of the ambient 


Air had upon Water, we thought good"? 249 


tory alſo what changes would happen in 
other Liquors upon the like taking off the 
reſſure of the external Air, We took 
= Glaſs Egge, ſomewhat bigger then 
: Turkey Egge, which had a long Neck 
or Stem of about 42 = part of an Iach in 

Diameterz and filling it up with Saller 
Oyl until ic reach'd above half way to the 
topof the Neck, we inclo{'d it in the Re- 
caiver together with common W ater in 
areſembling Veſſel, that we might the 
better compare together the operation of 
the exſuction of the Air upon thoſe two 
Liquors, The Pump being ſet awork there 
began to appear bubbles in che Oyl much 
ſooner then in the Water, and afterwards 
they alſo aſcended much more copiouſly 
nthe former Liquor then the latter: Nay, 
and when by having quite tired the Pum- 
per, and almoſt our own patience , WE 
N gave 
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gave over , the bubbles riſe almoſt - (if 


not altogether) in as great numbers 
as ever, inſomuch as none of the various 
Liquors we tryed either before or ſince, 
ſeem'd toabound more with Aerial Parti- 
cles then did this Oyl. In whichitwas 
further remarkable, that between thetime 
it was ſet into the Receiver, and that at 


. which we could get ready to Pump,it (ub- 


ſided notably (by gheſs about half an 
Inch) below the mark it reach'd before it 
Was Put in. 

After this expreſl'd Oyl,we made tr 
of a ciſti]l'd one, and for that purpoſe 
made choice of the common Oyl or Spt- 
rit (for in the Shops where it is ſold, the 


| ſame Liquor is promiſcuouſly call'd by ei 


ther name) of Turpentine; beczule 'twas 
onely of that Chymical Oyl, we had a 
ſufhicient quantity : which, being putin- 
ro a ſmall Glaſs bubble with a ſlender 
Neck, ſoas to fill ic to about two Inches 
trom the top, did, upon the evacuating 
of the Receiver, pretent us with great 
ſtore of bubbles; moſt of which riſing 
from the botrom, expanded themſelves 
exceedingly in their aſcent, and made the 


Liquor in the Neck to ſwell ſo much by 
. Qdegrees, that ar lerzth it divers times ra 


ova 


(139) - 
over at the top : by whucti means; we 
were hindred- from being able to diſcern 
gpon-the letting inof the: Air, how much 
the ſubſidence of the Oyl below| the farſt 
mark was due to the receſs of the bub- 
Having likewiſe a minde to try whe- 
ther as ſtrong a ſolution of Salt of Tartar 
| Infair Water as could be made (we ha» 
ving then no Oyl of Tartar per deliqut- 
x at hand) though it be. accounted , 
Quick-filver excepted , i the heavieſt of 
Liquors would afford us any bubbles 5 we 
putin a Glaſs Egge full of: it at the ſame 
oe, with other Liquors, and found thac 
they did long yield ſtore of bubbles be- 
fore any diſcovered themſelves in the 
Liquor of Tartar; and having purſued 
the Experiment, it appear'd, That of all 
| the Liquors we made cryal of, this afford- 
ed be feweſt and the ſmalleſt Bubbles. : 
Spirit of Vinager being'try'd after the 
' fame manner, exhibited a moderate num» 
ber of bubbles, bur ſcarce any thing ell 


worth the mentioning. = 


Nor could we in red Wine, try'din 8 
Glaſs Egge,..take notice of any thing ve- 
ry obſervable. For though upon the ex- 
lution of the Air the bubbles aſcended 
N 2 in 
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in/ this Liquory as: it were-in Tholes; 
and ſhifted -places: among ' themſelves in 
theiraſcent z/ yer the Intumeſcence of the 
whole bulk of the Liquor was fearcear all 
ſenſible , the bubbles moſt commonly 
breaking very ſoon after their arrival at 
che: rop, where: duting their ſtay, they 
compoſ'd a kinde of ſhallow froth, which 
alone appear'd higher in the Neck of the 
Glaſs, then was the Wine when it was 
Hirſt ter down,” Neither yet did Milk,con- 
vey'd into our Pneumatical Veſlel, pre- 
ſent us with any. thing memorable, ſave 
that (as it ſeem'd by reaſon of ſome un- 
Euoufneſs. of .the'Liquor) -the 'bubbles 
not eaſily breaking ar the top; and rhruſt- 
ing up' one another made the intumeſcence 
appear muctvgreater then that of common 
Yer EST 3 OT 
- 'Welikewiſe convey'd Hens Eggs into 
thoReceiver;' bur, after the 'exſuction ot 
uit Air,took:them our whole again. That 
which invitedustb:-put then :in,was, That 
{ag perhaps:wemencion in :other Papers) 
we had among other Experiments ' ot 
eold, madeEgygs burſt, by freezing them 
within doors with: Snow and Salt : The 
Tce,. into which the aqueous parts of the 
Eggewereturied by the cold; ſo:diſtend: 
O; & + 1g 


(191): 
rg by res{or- of the numerous 
s wont to beobſetvable in Ice) the 
outward parts of the .Egge; that ir uſually 
aitk'd the ſhell, though the inner Mens 
brane-that tnvoly'd the fevetal 'Eiquors 
of the Egge, becauſe it. would: need 
andyield, remain'd'unbroken. And heres 
vpon;we 1magin'd Thag-ygj our Engine 
might:appear whether.or [no thert:wene 
any.conſiderable Spring, eitherin:anyof 
the Liguors, or in any-other more {pirt4 
tyons ſubſtance included:imche- Egger: :;/ | 
We took alſo ſome Spijit ot: Uniad; 
caeleſly enough deflegmed, and pur it ins 
tothe ame Glals ( firſt-carefully ſcowr'd 
andclean(d) wherein we had putthe Oyle 
dliveaboye mention'd: We took alſa.an- 
other Glaſs, differing fromia Glaſs Egge; 
onely in that its bottom was flat, and frllrd 
itup to about = of the Neck (which was 
wider then that of the Egge) with-xeRifta 
an atWVine, i. i 7 35:5 ,-m 
Wetook alſo another Glaſs Egge, agd 
heving fill'd it with common Water £ull 1 
reach'd to the middle of the. Neck, we 
pour'd to it of the ſame Spirit of Vine, 
ul it reach'd about an Inch higher; ; .;.... -: 
Theſe three Glaſſes. having marks-ſet: 
on them, over againit the pe mn of -the: 
[ NN . : cone 
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contain'd Liquors were put into the Re. 
ceiver, and that beginning to'be evacue 
ted, the bubbles in all the three Liquory 
_— to appear. The mixture of the 

Spirit of Wine and Water diſcloſ'd a 
great ſtore of bubbles, eſpecially towards 
theropz but ſcarce afforded us any thing 
worth'remembring. 'The Spirit of Urine 
> 5 mr to ſwell near an Inch and an half 
above the mark z and beſides that, ſent 
forth ſtore of: bubbles , which made a 
kinde of froth'at theupper part of it. And 
above that ſputme there appear'd eight or 
ten great bubbles one above another, i ina 
very decent order, wn of them confſtitu. 
' ting, asit were, aCy] inder of about balf 
an Inch high,' and 25-broad as the interna 
cavity of . =y Neck: So that all the upper 
part of the Neck(for theſe bubbles reach'd 
tothe rop) ſeem'd to be divided into al- 
moſt equa! parts; by certain Diaphrag- 
mes, conſiſting of the coats g the bub- 
bles, whoſe edges appear'd like ſo many 
Rings fuſpended one above another. 

Tn the Spirit of Wine there did ariſe a 
great: multitude of bubbles, even till 
wearinefs did make us give over the Ex- 
Periment. And in theſe bubbles two or 


ne things were remarkable; as fult, 
That 


(193) 
That they aſcended with a very notable 
celerity: Next, That being arriv'd at the 
top, they made no ſtay there, and yet, 
gotwithſtanding the great thinneſs and 
ſoirituouſneſs of the Liquor, did, before 
they broke, lift up che upper ſurface of 
it, and for a moment or two form thereof 
athin film or skin which appear'd protu- 
berant above the reſt of the ſuperficies 
| like aſmall Hemiſphere, Thirdly, That 
they aſcended ſtraight up, whereas thoſe 
produc'd at the lower part of the Veſlel, 
containing the mixture of the Water and 
Spuit of Wine, aicended with a waver- - 
ng or wrigling motion, whereby they 
deſcrib'd an indented Line. afattly, It 
was obſervablein the Spirit of Wine(and 
we took notice of the like in the Oylot 
Turpentine lately meation'd) that not 
onely the bubbles ſeem'd to riſe from cer- 
tain determinate places at the bottom of 
the Glaſs, bur that in their atcenfion they 
kept an almoſt equal diſtance trom each 
other, and follow'd one another 1n a cer: 
tain order, whereby they ſeem'd part of 
ſmall Bracelets, conſiſting of equally lit- 
tleincontiguous Beads : the lower end of 
each Bracelet, being as it were, faſten'd to 
a cextain'po.ntat the bottom of the Glaſs. 
| N 4 Thic 
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The Air being ſparingly let into the 
Receiver, the great bubbles formerly 
mention'd as incumbent upon one ande 
ther, in that Glaſs that contain'd the Spj, 
rit of Urine , were by orderly degrees 
leſlen'd, rill at length they wholly ſubfi 
ded, notwithſtanding the recefs of ſo ma. 
ny bubbles as broke on the top of the 
Spirit of Urine, during all the timeof the 
Experiment, yet it ſcarcely appear'd at all 
to be ſunk below the mark:iNor did the 
mixture of Spirit of Wine and Water 
conſiderably ſubſide, Bur that is no- 
- thing to what we obſerv'd in the Spirit 
of Wine, for not onely it conſpicuouſly 
expanded ,it- (elt in the Neck of the 
Veſſel that contain'd it, notwithſtand- = 
,1ng the largene(s of it; and that the 
bubbles were about to break at the 
top of it almoſt afſoon as they arriv'd 
there: but upon the re-admiſſion of 
the external Air, the Spirit of Wine 
retain'd its newly acquired expanſion. 
And though we let it alone for near 
an hour together, in expectation that 1t 
might ſubſidez yet when we took jr 
our, we found it ſtil] (well'd between a 
quarter and half an Inch above the 
mark z and alchough-ic was not ealily 
imagt- 


_ (gs) | 
imaginable; how this Phenomenom could 


the Experiment, yet the ſtrangenel 

of it invited me to repeat it with! freſh 
Spirit of Winez which, {welling in' the 
Neck as' formerly , I left all Night-in 
the Receiver, allowipg free acceſs to the 
external Air at the Stop-cock, and. the 
next day found it ſtill expanded as ber 
fore, ſave that it ſeem'd a lictle lower : 
which decrement perhaps proceeded:from 
the avolation of ſome of- the . fugitive 


parts of ſo volatilea Liquor. And for 


better ſatisfation having taken out the 
Glaſs, and confider'd it in the open Air, 
andata Window,-I could not finde that 
there, was any remaining Bubbles that 
could- oceaſion the.perſevering and ad- 
mir'd expanſion. - 


Eing deſirous to diſcover what diffe- 


. . we 
rence there might be as to gravity and 


levity, between Air expanded under Wa- 
ter,and it ſelfe before ſuch expanſton;we 
took two very ſmall Viols, ſuch as Chy- 
mica] Efſences(as they call them)are wont 
tobe kept in,and of the ſize and ſhape ex- 
Preſſed by the 8b Figure:into one of thele 

Ve 


--: 


from any ' miſtake in trying 
eneſ 


Experi- 


nt 25. 


C196) 
we:put-ſo much of - a certain ponderous 
Mercurigl mixture; (hapaing to be then ar 
hand) that the mouth being ſtopt wich 
litele ſoft Wax, the Glaſs would juſt ſink 
in Water andno more; this we let fall co 
the bottom of a wide-mouth'd Cryſtal 
Jar, fill'd with about half a pint of com- 
mon-Warter, andinto the ſame Veſlel we 
funk the other Eſſence Glaſs unſtopp'd, 
with as much Water in 1t as was more 
then ſufficient ro make ic ſubſide. Both 
theſe ſank with their mouthes downward, 
the former being about three quarters fall 
of Air, the laccer containing in ita bub- 
blgof Air that was ghell'd to be of the 
bigneſs of half a Pea: This done, the 
wide-mouth'd Glaſs was let down into 
the Receiver, and the way of imploy- 


ing the: Engine was carefully made uſe | 


of. 
The ſucceſs was, That having drawn 
out a pretty quantity of Air, the bubbles 
began to diſctoſe themſelves in the Wa- 
ter, asin the former Experiments, and 
though for a good while after the bubbles 
| aſcendedin (warms from the lower parts 


of the Water, and haſtily broke at the 


top; yet we proſecuted the Experiment 
lo long without ſeeing any effect wrought 


upon 


Ef _ h Depart 
the Eflence : es, thatwe 

Pſpair of ſeeing either of them riſe, but 
contianing to ply the Pump, that little 
Glaſs, whoſe mouth was oþen'd, came to 
the top of the Water, being, as ic were, 
boy'd 'up-thither by a great number of 
abbles that had faſtried themſelves to 
the fides of it 3 (wimming thos wich the 
nouth downward, we could eafrly per- 
cave that the internal Ai above imen- 
zog'dhad much delared it ſelf, and there- 
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byſeem'd ro have contributed to the e- 


nerging of the Glaſs, which remain'd 
floating , notwithſtanding che breakin 
1nd vaniſhing of moſt of the cootigu 
bubbles : being hereby incouraged to per- 
iſtia pumping, We obſerved with ſome 
pleaſure, thar at each: time we turn'd the 
Key, the Air in the little Glaſs did mani- 
kſtly expand it ſelf gnd thruſt out the wa- 
ter, generally retaining a very protuberant 
inrfice where it was contiguous tothe res 
maning Water. And when after divers 
exſutions of the Air in the Receiver, 
that in the little Viol ſo dilated it ſelf as 
toexpel almoſt all the Water, it turn'd 
its mouth towatds the ſurface of the 


age bubble, and then relapſed NE its 
OI- 


Water in the Jar, and. there deliver'd a 
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 formerfloating poſture: :And this'Expe- 
riment caught us,: among other thing, 
tharir was a work of more time and:|+- 
bor:then we infaguvd; to exhauſt our Eg. 
ginrasmuch as itinay, 'be exhauſted: for 
although before the. emerging of the (mall 
Viol;-we did (4s:his beefi; touch'd alrea- 
dy) think we had very conſtdeably.:em- 
ptyrd the Receiver, becauſe there ieem'd 
 ta::come ont $i 'very:..little or almoſt 
 no'{cnfible Air at each exſuQion into 
and-.out of the ; Cylinder ; yer.:after- 
wards; at each--drawing down, the Suc- 
ker, the' Air included:in the: Vool .did | 
manifeſtly dilate iti ſelf, ſo long, 'that 
it-did: no leſs then : nine: times : turn 1ts 
mouth'npwards , and:;Yiſcharge :a bub- 
ble by conjefture: about the -þignels of 
2 Pea, after the tnatner new]y recited, 
But -aSs for that: 'Vjzoll which had the 
weight in it , it- roſe .not at all, 0 
that being not* able by quick pumping 
to gain, another. bubble from the Air 
in the-{wimming Glaſs, which proceec- 
ed from ſome {mall leak in the Veſt, 
though it held in' this Experimets more 
ſtagch then was uſaal , we thought fit 
to. let-in leaſurely the Air from with- 
out. upon whoſe admiſſion that with- 


ihe Viol ſhrinking: into 2:very nar3 
cowcompals, the:Glaſs did, as weexpe:- 
ted; ifall down-co.:the botcom : of the 

4; 0H 10 fnQNN2; 51D any! 
Bur being defirons:before we proceed- 
ed to-any new. Expertment, totry once 
nore-whether the. little Glaſs that. /had 
the-weight init might not alſa.be gaif'd, 
After we had ſuffer'd: the Engine t0:re- 
nanicloſ*d as it-was', for Gt or {1x 
hows, the Pump: was again ply'd.;with 
ſv mach - obſtinacy ,;. that: not;onely a- 


 bourthe upper'part of the-Jar-there: ap+ 


pear'd a good number of bubbles: (but 
very much ſmaller .then choſe .we. ſaw 
the- firſt / time.) -but afterwards: there 
ame from the bottom of the: Jar, bub- 
vles about the bigneſs of (mal Peas:which 
the Pump being ſtil} kept -going ,. fol- 
bw'd one another,to the number of forty, 
coming from the ſtopp'd Violl; whoſe 
mouth, it ſeems, had not been ſhut ſo 
ſtrongly and cloſely, but that che included 
An,dilating itſelf-by irs own ſpriag,made 
vſelfſome litclepaiige berwixt the Wall 
and the Glaſs; and got away in'theſe bub- 
bles; afrer which, the unſtopp'd:Glaſs be- 
8an to-float again,'.the Air ſhut-up. in 1t 
N TULGE E083 I being 


o * 


(200) 
being. manifeſtly ſo dilated as to expel 
good part of the Water, but not _ 
as to. break quitethorow. :And at! 
when our expectation of it was almoſt ti. 
red our, the beavier of. the two Viols be. 
ganto come aloft, and immediately cg 
ſubſide again, which appear 'd to be oc- 
cafiond by the Air within it, whoſe-bulk 
and: ſpring being: weaken'd by the receſs 
of the forty bubbles before-mention'd, it 
was-no longer able, as formerly, to break 
forcibly through the incumbent Water; 
bur forming a bubble at the mouth of the 
Glaſs, boyed it up towards the top, and 


there. ge away, left it to fink again 
cill he na” 2m 3 Air in the Row 
ver being further taken off, the Air inthe 
Viol was permitted to expand it ſelf fur- 
ther, and co create another bubble, by 
which ic was again for awhile carried up, 
And it was remarkable, that thoughafter 
ha7ing emptyed the Receiver as far a 
well we could, we ceaſ'd from pumping; 
yet the Veflel continuing more ſtanch 
then it was wont, this aſcent and fall of 
the Viol was repeated to the ninth time; 
the included Air, by reaſon of the ſmal- 
neſs of the ventat which it muſt paſsout, 


being nor able to get away TON 
”) irtle 


(2or) : 
lttle by little; and conſequently,in divers 
ſach. parcels as were able- to conſticute 
bubbles, each of them' big enough to 
raſe the Viol and keep ic.aloft until che 
wolation of that bubble. Whereby- it 
may appear, that the grand rule-in- Hy- 
dreftuticks, Thar a Body will (wim inthe 
Water, in caſe it be lighter then as much. 
of that Water that equals it in bulk, will 
hold likewiſe when the preſlure ofthe At- - 
moſphere is in very great meaſure, if not, ' 
when it is totally taken off from the Li. 
quor and the Body : though it were worth 
Þ ioquiring whar it is that -ſo plentitully 
Bf concurs to fill the bubbles made in our 

Experiment by the ſo much expanded 
Air, for to ſay with the old Peripaterick 
Schools, Thar the Air, in RarefaQion, 
may acquire a new extent, , without the 
admiffion of any new ſubſtance , would 
be an account of the Phenomenon very 
much out of date, and which, I ſuppoſe, 
our Modern Naturaliſts would neither 
gve,nor acquieſs in. 

I know not whether it may be requiſite 
toadde, that in this Experiment, as in 
the former, the outward Air being let in 
Ud ſoon precipitate the floating Viol. Bur 
Ithink ir wilknot be amiſs to —_ chat 

| con: 
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'Ccongtaoufly 'fo what hath been aboys 
eiued of hevaſt expanſion of the Air) 
the: Water which'in the heavier Viol ſac- 
ceeded in the room of thole forty odde, if 
notfitry ereat-bubbles of Air, which at 
ſeveral crimes got out of it, amounted but 
toavery inconſiderable bignels, 
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Experi- | be having been obſerv'd by thoſethat 
ment 26. A haye confider'd what belongs to Pendw- 
| lums (a Speculation that may, in-my 

poor judgement, | be highly uſeful to the 
Naturaliſts) that their Vibrations are 

more {lowly made, and that their moti- 

on laſts leſs in athicker, then in a thinner 

_ Medium: We thought it not amils to 
try if a Pendulum would ſwing faſter, ot 
continue ſwinging longer in our Receiver, 
in caſe of the ex{ution of the Air, then 
otherwife. Wherefore we took a couple 
of round and poliſh'd Pendulums of Iton 
or Steel, of equal bigneſs, as near as we 
could get the Artificer to make them, and 
weighing each of them twenty Dragmes, 
wanting as many Grains. One of thele 
we ſuſpendedin the cavity of the Recet- 
ver by a very ſlender ſilken ſtring, of 4 


bout ſeven Inches and a half in length 
| EY from 
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tom the cover of the Receiver to which 
t was faſten'd, - Then (by inclining the 
Engine) we made the Pendu/umiwing too 
:ad fon it, and deſcrib'd as long Arches 
451n the capacity of ſo brittle a Veſlel we 
thought late and convenient. And one of 
the Aſſiſtants celling the recurſtons of the 
other Pendulum hanging in the free Air, 
ya ſtring of about the ſame length, we 
horten' d and lengthen'd thisother, Pex- 
tam, till it appear'd to keep. the. ſame 
racelnits Vibrations, with that ſhut up in 
the Receiver. Then having carefully 
caw2 away the Air, we did again ſer.the 
Pendulum 10 the Receiver a vibrating s 
ad giving the other Pendulum ſuch a mo- 
tion 25 made it deſcribe an Archy accord- 
agto ones ghe(s, equal to that of the in. 
cuded Pendulum ; we reckon'd, one of 
t3the Recurſtons of that Pendulum which 
is ſwinging within the Receiver z and 
agther of us that which was moving in 
(hat which one would think a much more 
citing medinm) the Air. Bur once, one 
of us reckon'd near two and twenty Re- 
Uſons of the included Pendulum, whillt 
he other reckon'd bur twenty of the Pex« 
wm that vibrated withour. And an- 
iter time alſo, the former of theſe Pex- 
oO aula 


dula was reckon'd to have made one ang 
twenty Recurſtons , wherein the other 
made but twenty : Yet this Experiment 
ſeem'd to teach us little, ſave that the gif- 
ference betwixt the motion of (uch a Peg. 
dulum in the common Air, and in one ex- 
ceedingly rarified , is ſcarce ſenſible in 
Veſlels no bigger then our Receiver, e- 
ſpecially ſince though during this Expe- 
riment it Meld very well, yet we could 
not ſuppoſe it to be altogether devoidof 
Air. Weobſerv'd alſo, that when the 
Receiver was full of Air, the included 
_ Pendulum continu'd its Recurſtons about 

Hfteen minutes (or a quarter of an hour) 
before it left off ſwinging ; and thar after 
the ex{nCction of the Air, the Vibration 
of the ſame Pendulum (being freſh put in- 
to motion) appear'd not (by a minutes 
Watch) to laſt ſenſibly longer. So that 
the event of this Experiment being other 
then we expected, ſcarce afforded us any 
other fatisfaRtion, then that of our not 
having omitred tp try it. And whether 
in caſe the tryal be made with a Pendulum 
much leſs diſproportionate to the Air then 
Steel is, the event will much better 30- 


{wer expectation, experience may be col 
{ulted. 


T hat 
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Hat the Air is the medium whereby 
; ſounds are convey'd to the Ear, hag Experi- 
. | been for many Ages, and is yet the come "ent 27» 
- & non Doctrine of the Schools. ' But this 
n © Received Opinion has been of late op- 
- & poſdby ſome Philoſophers upon the ac- 
- W count of an Experiment made by the 
{| W [aduſtrious Kircher, and other Learned 
f W Men, who have (as they aſſure us) ob- 
© (evd, That if a Bell, with a Steel Clap= 
| W pz, be ſo faften'd co the infice of a Tube, 
Ml thatupon che making the Experiment De 
Yuw with that Tube, the Bell remain'd 
' 8 {aſpended in the deſerted {pace at the up- 
ff prrend of the Tube: And if alſo a vi- 
ro Load-ſtone be apply'd on the ont- 
de of the Tube to the Bell, it will at- 
traQ the Clapper, which upon the Remo- 
ral of the Load-ſtone falling back, will 
like againſt the oppoſite ſide of- the 
Bell, and thereby produce a very audible 
ſound; whence divers have concluded » 
BM That'cis not the Air, but ſome more ſubs, 
\f !le Body that is the medium of ſoundse 
© But becauſe we conceiv'd that, to invali- 
date ſuch a conſequence trom this ingeni- 
ous Experiment (chough the moſt lucite- 
O 2 rous 
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rous, that could well be made without 
ſome ſuch Engine as ours) ſome things 
might be ſpeciouſly enough alleadg'a, we 
thought fit to make a tryalor two, in or- 
der to the Diſcovery of what the Air does 
in conveying of ſounds, reſerving avers 
other Experiments tryable in our Engine 
concerning ſounds,till we can obtain more | 
Jeaſure to proſecute them. Conceiving it 
then the beſt way to make our tryal with 
ſuch a noiſeas might not be loud enough 
to make it difficult to diſcern {lighter va- 
riations in it, but rather might be, both 
laſting,that we might take notice by what 
degrees it decrea('d ; and fo (mall, that 


1t could not grow much : weaker with- 


out becoming imiperceptible, Wetook 
a Watch, whole Caſe we open'd, that 
the contain'd Air might have free egrels 
3nto that of the Receiver, And this Watch 
was {ufpended in the cavity of the Veſlel 
ottely by a Pack-thred, as the unlikelielt 
thing to convey a ſound to the top of the 
Receiver : And then cloſing up the Vel- 
tel with melted Plaiſter, we liſten'd near 
{he ſides of it, and plainly enough head 
the noiſe made by the "ar" Sag 'T hoſe ale 


{oof us, that watch'd for that Circum- 


ttance, obſery'd, that the noiſe ſeem'd t0 
come 
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come direRly in a ſtraight Line from the' 2 
Watch unto the Ear. And it was obſerva-' 
ble to this purpoſe, that we found a mant-= 
feſt diſparity of noiſe, by holding our Ears 
near the ſides of the Receiver, and near the 
Cover of it: which difference ſeem'd' to 
roceed from that ot the Texture of the 
Glaſs, from the ſtructure of the cover(and 
of the Cement) through which the ſound 
was propagated from the Watch to the 
Ear. But let-us proſecute our Experiment. 
The Pump after this being imployd, it 
ſeemd that from time to time the ſound 
grew fainter and fainter ; ſo that when the 
Rec:iver was empty d as much as it uſ*d 
to be for the foregoing Experiments, net - 
ther we, nor ſome ſtrangers that chanc'd 
tobe then in the room,could, by applying 
our Ears to the very fides, hear any noife 
trom within ; though we could eaſily per- 
cive that by the moving of. the hand 
which mark'd the ſecond minures, and by 
that of the ballance, that the Watch net- 
ther ſtood ſt1], nor remarkably varied trom 
its wonted motion. And to ſatisfie our 
felvs further that it was indeed the abfence 
of the Air about the Watch that hinder'd 
us from hearing it, we let in the external 
Aira the Stop-cock, and then though we 
_— O 3 turn'd 
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eurn'd the Key and ſtopt the Valve,yet we 
could plainly hear the noiſe made by the 
ballance, though we held our Ears ſome. 
times at two Foot diſtance from the our. 
fide of the Receiver. And this Experi- 
ment being reiterated in another place, 
ſucceded after the like manner, Which 
ſeems to prove, that whether or no the 
Air be the onely, it is at leaſt, the princi. 
pal medium of Sounds. And by the wa 

itis very well worth noting, that ina Vel- 
ſel ſo well clo{d as our Receiver, ſo weak 
a pulſe as that of the ballance of a Watch 
ſhould propagate a motion to the Ear ina 
Phiſacally ſtraight Line, notwithſtanding 
the interpoſition of ſo cloſe a Body as 
Glaſs, eſpecially Glaſs of ſuch thickneſs 
as that of our Receiver ; ſince by this it 
ſeems that the air impriſon'd in the Glals, 
muſt, by the motion of the ballance, be 
made to beat againſt the concave part of 
the Receiver, ſtrongly enough to make 
Its convex Part beat upon the contiguous 
Air, and ſo propagate the motion to the 
Liſtners ears, I know this cannot but 
ſeem ſtrange to thoſe, who, with an emi- 
nent Modern Philoſopher, will not allow 
that a Sound, made in the cavity of 2 
Room, or other place ſo cloſ, that there 


» —# 
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«no intercourſe betwixt the external and 
ncernal Air, can be heard by thoſe with- 
out, unleſs the ſounding Body do imme= 
diately ſtrike againſt ſome part of the in- 
cofing Body. But not having now time 
to handle Controverites, we ſhall onely 
annex, T hat after the foregoing Experi- 
ment, we took a Bell of about rwo Inches 
n Diameter at the. bottom, which was 
ſupported in the midſt of the cavity of 
the Receiver by a bent ſtick, which by 
reaſon of its Spring preſl'd with its two 
ends againſt the oppolite parts of the in- 
fideof the Veſlel : in which, when it was 
cloſdup, we obſerv'd that the Bell ſeem'd 
to ſound more dead then it did when juſt 
before it ſounded in the open Air. And 
yet, when afrerwards we had as formerly 
emptyed the Receiver, we could not dil - 
cn any conſiderable change (for ſome 
ſad they obſerv'd a {mall one)in the Joud- 
neſs of the ſound, whereby it ſeem d that 
though the Air be che principal medium 
of ſound, yet either a more {ubtle mat- 
ter may be alſo a medium of ic, orelle an 
ambient Body that contains but very 
af vparticles of Air, in compariton of 
Woſe itis eaſily capable of, is ſufficient 


tor that purpoſe, And this, among 0- 
Ox cher 
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eurn'd the Key and ſtopt the Valve,yet we 
could plainly hear the noiſe made by the 
ballance, though we held our Ears ſome. 
times at two Foot diſtance from the out. 
fide of the Receiver. And this Experi. 
ment being reiterated in another place, 
ſucceded after the like manner, Which 
ſeems to prove, that whether or no the 
Air be the onely, it is at leaſt, the princi. 
pal medium of Sounds. And by the way 
itis very well worth noting, that ina Vel- 
ſe] ſo well cloſd as our Receiver, ſo weak 


2 pulſe as that of the ballance of a Watch ' 


ſhould propagate a motion to the Ear ina 
Phiſically ſtraight Line, notwithſtanding 
the interpoſition of ſo cloſe a Body as 
Glaſs, eſpecially Glaſs of ſuch thickneſs 
as that of our Receiver ; ſince by this it 
ſeems that the air impriſon'd in the Glals, 
muſt, by the motion of the ballance, be 
made to beat againſt the concave part of 
the Receiver, ſtrongly enough to make 


1ts convex Part beat upon the contiguous 


Air, and ſo propagate the motion to the 
Liſtgers ears. I know this cannot but 
ſeem ſtrange to thoſe, who, with an eml- 
nent Modern Philoſopher, will not allow 
that a Sound, made in the cavity of 2 
Room, or other place ſo cloſ'd, that there 


» 
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« no intercourſe betwixt the external and 
internal Air, can be heard by thoſe with- 
out, unleſs the ſounding Body do imme- 
diately ſtrike againſt ſome part of the in- 
cofing Body. Burt not having now time 
to handle Controverites, we ſhall onely 
annex, That after the foregoing Expetri- 
ment, we took a Bell of about two Inches 
n Diameter at the. bottom, which was 


the Receiver by a bent ſtick, which by 
reaſon of its Spring preſl'd wich its two 
ends againſt the oppolite parts of the in- 
fideof the Veſlel : in which, when it was 
coſdup, we obſerv'd that the Bell ſeem'd 
to ſound more dead then it did when juſt 
before it ſounded in the open Air. And 
yet, when afterwards we had as formerly 
emptyed the Receiver, we could not dil- 
crn any conſiderable change (for ſome 
ſad they obſerv'd a ſmall one)in the Joud- 
neſs of the ſound, whereby it ſeem'd that 
though the Air be che principal medium 
of ſound, yet either a more {ubtle mat- 
ter may be alſo a medium of it, orelfe an 
ambient Body that contains but very 
tew particles of Air, in compariſon of 
thoſe it is eafily capable of, is ſufficient 


tor that purpole, And this, among 0- 
O 4 cher 


ſupported in the midſt of the cavity of 
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ther things, invited us to confſider,whether 
inthe above-mention'd Experiment mage 
with the Bell and the Load-ſtone, thae 
might not in the deſerted part of the Tube 
remain Air enough to produce a (ound: 
ſince the Tubes tor the Experiment De 
Yacuo (not to mention the uſual thin- 
neſs of the Glaſs) being ſeldom made 
greater then is requiſite, alittle Air mighe 
bear a not inconſiderable proportion to 
the deſerted ſpace. And tharallo, in the 
Experiment De Yacuo, As It is wont to be 
made, there is generally ſome little Air 


that gets in from without, or at leaft ſtore | 


O 


of bubbles that ariſe from the Body of 
the Quick-filver, or other Liquor it ſelf, 
Obſervations heedfully made have fre- 
quently informed us: And it may allo 
appear, by what has been formerly deli- 
vered concerning the Torricellian Experi- 

ment. | 
On the occaſion of this Experiment 
concerning ſounds, we may adde in this 
_ Place, That when we try d the Experiment 
formerly mention'd, of firing Gun.pow- 
der with a Piſtol in our evacuated Recel- 
ver, the noiſe made hy the ſtriking of the 
Flint againſt the Steel, was exceeding 
Janguid in compariſon of what it _ 
"ave 
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have been in the open Air. And on di- 
yers other occafions it appear'd that the 
& ſounds created within our exhauſted 

Glaſs, 1f they were not loſt before they 
': WM reach d the Ear, ſeem'd at leaſt to arrive 
therevery much weaken'd, We intended 
totry whether or no the Wire-ſtring ofan 
Inſtrument ſhur up into our Receiver , 
youla, when the ambient Air was ſuck'd 
ont,at all tremble, if inanother Inſtrumenc 
held cloſe toir, but without the Recetver 
iſting tun'd (as Muſicians ſpeak, how 
properly I now examine not)to an Uniſon 
with it, were briskly touchr, and (et a Vi- 
brating. This, I ſay, we purpoſ'd to try 
to ſee how the motion made 1n the Air 
mithout, would be propagated throughthe 
avity of our evacuated: Receiver. But 
when the Inſtrument wherewith the tryal 
was to be made came to be imploy'd, 1t 
prov'd too big to go into the Pneumarical 
Vellel, and we have not now the convent- 
ency to have a ficter made, 


We thought likewiſe to convey into 
the Receiver a long -and flender pair of 
Bellows, made after the faſhion of thoſe 
uſually employ'd to blow Organs,and fur. 
ah'd with g ſmall Muſical inſtead of - 

oOrdl- 
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ordinary Pipe. For we hop'd, that by 
means of a ſtring taſtned to the up 
part of the Bellows, and to the moveable 
ſtopple that makes a part of the Coyer 
of our Receiver, we ſhould, by frequent- 
| ly turning round that ſtopple, and the an- 
_nexed ſtring, after the manner alread 
often recited, be able to lift up and diſtend 
the Bellows; and by the help of acom- 
petent weight faſten'd to the ſame upper 
part of the Bellows, we ſhould likewiſe 
be able, at pleaſure, tocomprels them : 
and by conſequence, try whether that 
ſubtler matter then Air (which, accord- 
ing to thoſe tlfat deny a Yacuum, mult be 
{uppoſ'd to fill the exhauſted Receiver) 
would be able to produce a ſound in the 
Muſical Pipe; orin a Pipe like that of or- 
 dinary Bellows, to beget a Wind capable 
to turn or fet a moving ſome very light 
matter, either ſhap'd like the Sails of 2 
Wind-Mill, or of ſome other con7ent 
ent form, andexpoſ'd to its Orifice, This 
Experiment, I ſay, we thought to make, 
but have not yet actually made it for want 
of an Artificer to make us ſuch a pair of 
Bellows as it requires. 

We had thoughts alſo of trying whe- 


ther or no, as Sounds made by Bodies 1n 
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car Receiver become much more languid 
then ordinary , —_—_ of the want of 
Air, ſo they would grow ſtronger, in caſe 
there were an unuſual quantity of Air 
couded and ſhue up in the ſame Veſſel, 
which may be done (though not without 
ſome difficulty) by the help of the Pump, 
rovided the Cover and Stopple be {a 
taly faſten'd (by binding and Cement, 
orotherwiſe) to the Glaſs, and ta each 
other, that there be no danger of the 
wndenſ'd Airs blowing of either 'of them 
away, Or its breaking through the jun- 
Qures, Theſe thoughts, METRO as I 
was ſaying, we entertain'd 5 but for want 
of lealure, as, of as good Receivers as 
to ſubſticute in its place, in caſe we 
ſhould break it before we learn'd the skill 
of condencing the Air in it, we durſt not 
put them in practice: Yet, on this 0Cca- 
lion, give me leave to advertiſe Your 
Lordſhip once for all, That though for 
the reaſons newly intimated, we have, 
Onely in the ſeventeenth Experiment, 
taken notice, that by the help ot our En- 
8ine the Air may be conden('d as well as 
rarifiedz yetthereare divers other of our 


Experiments, whole Phenomena 1t were 
worth 
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worth while to try to vary, by means 
the compreſſion of the Air, 


Expert E taught, among divers other 
mnt 28. vV rife." we Kicourl' of our 
firſt Experiment, Thar the Air ſhut upin 
our Receiver, preflethi as ſtrongly upon 
the Bodies ſhur up with 1t, as it they 
were expoſ'd to the preſſure of the whole 
Atmoſphere, That this was not incon- 
fiderately propounded , we hope Your 
Lordſhip has gather'd from divers of the | 
things already recited-: But yet perhaps it 
will-not be amiſs to ſubjoyn, by way of 
further confirmation of the ſame truth,the 
_ following Experiment, which ſhould have 
accompanied the 20®,but the Paper where 
in the one was written chancd not to beat 
hand, when the other was ſent away. 
We convey d into the Receiver a new 
Glaſs Viol, capable ofholding about 6 or 
7 ounces of Water, into which we had 
before put 2 or 3 Spoon: fulls of that Li 
quor, and ſtopt it cloſe with a fir Cork 
The Pneumatical Veſſel being empty'd, 
there appear'd not any change in the 1n- 
ciol'd Water, the Air impriſon'd with it, 
not having the force to blow out the m_ 
9 


35). 
ole, which event, though it were no other 
of Wl then we expeRed,was differing from what 


we defir'd-For we wonld gladly have ſeen 


what change would have appear'd in the 
Water upon the Bottles being ſuddenly 


Bodywas ſo differing trom our. common 
Air, Wherefore we did again putin the 
Viol, but lels ſtrongly cloſ'd then for- 
nerly, though asſtrongly.ſtopr as-ſeem'd 
requiſite on ordinary occaſions : But when 
the Air was pump'dout of the Receiver, 
that within the . Viol did quickly, as we 
apeRed, find or: make ir (elf litthe paſla» 
Þesto get Out at: as we argu'd, from this, 
That wheteas when the Viol was pac in 
the time before, the Water remain'd all 
the while pertely free from bubbles z, at 
this time the bottom: of the Glaſs ap- 
pear'd all cover d with them, and they, 
upon the regreſs of the excluded Air into 
the Receiver, did preſently flagand ſhrink 
up | 


Re ie ay. 


From theſe tryals it ſeem'd deducible 
enough, char whilſt the Viol continu'd 
to be well ſtope, the included Water 
ad, from the Air, ſhut up with it, 
ſuſtiin a prefſure equal co that of the 


Atmoſphere ; ſince till the Air could get 
out 


uſtopp'd , in a place where the ambient 
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out of the Glaſs, there appear'd no byh: 
bles in the Water, notwithſtanding the 

want of preſlure in the ambient Body, 
But to be ſure to reach the chief end of 
our Experiment, we made uſe of this 0. 
- therexpedient: We cauſ'd a convenient 
quantity of Water to be put, and Her- 
metically ſhut up into a Glaſs Eppe, to 
whoſe long Neck (which was putpoſely 
made of an unequal thickneſs) was fa- 
flen'd to one end of. a ſtring, whoſe 0- 
ther end was ty'd to the Cover of our 
Receiver,after the manner elſewhere men: 
tion'd already: Then' the Egge being 
convey'd into the Pneumatical Veſſe, 
and' that being evacuated, we did, by 
turning the braſs Stopple formerly de- 
{crib'd amongſt the parts of our En- 
gine, {0 ſhorten the ſtring as to break the 
Glaſs; whereby liberty being given to 
the Air impriſon'din'the Egge, to pals 
into the capacity of the Receiver, the ſud- 
den receſs of the Air made the bubbles in 
a trice appear ſo numerous , and aſcend 
ſo ſwiftly in the Water, that their motion 
look'd like that of a violent ſhower of 
Rain fave that the bubbles did not, like 
the drops of Rain, tend downwards, but 
upwards, which made me reſemble _ 
"oe ANG | hi 
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PMevomenon to what I have ſeen heppen 
inthe diſſolution of Seed-Pearl in ſome 
aid Menſtrunm, in which, if a good quan«+ 
tity of the lictle Pearls be caſt whole, they 
wil ac firſt, if the Merſtruum be ſharp e- 
nough, be carryed in ſwarms from the 
bottom tothe top of the Liquor. We 
will adde, that without ſealing up the 
Glaſs, this Experiment may betry'd in 
one of our (malleſt Receivers, for there 
theex ſuction of the ambient Air may be 
perform'd ſo nimbly, that immediately 
the bubbles lurking 1n the Water are al- 
low'd to diſplay themſelves, and aſcend 
inthrongs; infomuch, as having in ſuch 
2 Receiver try'd the Experiment with 
Wine (as a more ſpiritoous Liquor) in- 
ſtead of Water, the Red- Wine appear'd 
al cover'd, with a copious, but vaniſhing 
' Fhite Froch, almoſt as if a Veſlel full of 
bott!'d drink had been unwarily open'd. 


T may not a little conduce tothe clear» Fxperis | 
& explication of divers Points in the ment 29. 
Docrine of Meteors, and perhaps of 
ſome other Phyſiological difficulties, co 
diſcover what the Air does to the motion 
of thoſe Steams or Exhalations that — 
cen 
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cend into it,namely, Whether they mouge 
apwards oy yertue of any ſuch poſitive le. 
ty (as {ome Peripateticks ipeak) ac- 
quir'd together with their Aerial nature, 
25 inables them to pierce through part of 
the Armoſphere, and over-come its re- 
fiſtance. Or elſe, whether theſe ſteams 
being once raiſ'd above the Earth by their. 
agitation, have theiraſcenr and ſuſtentz- 
tion aloft, rather promoted then hindred 
by the Air: as the inferior parts of that, 
being thicker and heavier then the ſupe- 
rior, the ſteams can more eaſily continue 
for a while their agitation upwards then 
downwards 4 And afterwards are by the 
fame fluidity and thickneſs of the Air, 
carried to and fro in it, and kept from re- 
hpſing to the Earth, as in the-Sea water 
the ſaline parts are kept from ſubſiding by 
thoſe aqueous ones wherewith chey ae 

aſlociated. Eh 
Wehop'd to illuſtrate this matter, by 
obſerving the motion of the ſmoke, pro. 
ceeding from kindled or flaming Bodies in 
our exhauſted Receiver. But as we tor- 
merly noted, upon the exſuction of the 
Air, the ſmoking of thoſe Bodies pre- 
ſencly ceaſd, Woehad thoughts allo of | 
Conveying into our Pneumatical age 

cot * 
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Bit lon; with ſome Body! eafi& to be 
| NiGpared inrs fmoke ſet upomit, but cons 
kderd; that neither was that way free 
kom inconventencies 'eſpecially:this,thar 
te hor Body: would make the Impriſon'd 
fir circylate within' the Recetver.,; and 
wnſequently: wake it queſtionable whes 
berche aſcent of the ſteams: would not 
_ tothe newund acquirsd-morion of 
the CT, L QO3IRN BE 20 161 it] 
- = #62019 SIE my (elf ofan- 
iherway to-farisfiein tome meaſure my 
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ality ,- to-wit, 5 by means of: a certain 
liquor, whickh-I-cald ro-minde that ſome 
ravagoT had *(for a deſign thar at", 

ardy 


K10 our preſet purpofey pre} 
whidy'Iſuppoſe,'-I he'd Your Lords 
tpzand which -had rhe luck' ts be ta» 
kw/notice of by divers _ Iagenious 
«d:Famous: Men-' For this. Liquor, 
ore of its Ingredients be Merals, 
ad all of chem ponderous enough, is yet 
thatnature, that whilſt the Viot where» 
aitis kept is/ſtopt (how ſlighta Cover 
terer) both the Liquor and the Glaſs 
ttranſparent ; and ſo is that upper half 
&the Glaſs ro which the Liquor reaches 
Wax Buraſfſoon as ever the ſtopple is ta- 
& out, and full acceſs is given to the ex- 
P ternal 
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Cork; dnd:the-Liquorie (6, ; do preſent; 
ly ſeod upwards s 2nd i {carter abtogd,a 
fue as thick-and white i@5-if;there wor 
4 quantity of: AlablatepeduFF: thrown yp 
inco the;Aiv: And: this:fmoking of the 
Liqnor laſts xi. my unavithegriels romaſt 
it,:1hyitesme;ftop itagan 3n80d then:the 
aſcenftos ofthe fumtaulndoenly ceales;tll 
the Viol be again unſtop'd. A v6] 
: This: fanvng/LiquacdÞen. I chongh 
would nude -conduceitothe;difcovay] 
defir'd to wake; {ince|t av:done thi nnd 
of.conveying any - het!;Bdgy, wirhitrintd 
the :Recarver;; -and wouly hot : darken 4t 
with fumes before-thezime; Wharta 
| Having tyeditd ſhe Viola great: weighty 
Lead; to ktepit from: Heihg lifrediep dy 
thedrawing out of che.Carks and have 
ty'd tothe:ftopple oneedd of; aftridgiat 
whicti che-ocher end was:madt faſt ito. on 
_ QCover:of-:the Pneumgtical Glaſs, the Li: 
quor -was carefully clotd . up atter'ths 
wonced manner z thenthe'Air beiog'dilt 
pently pump!d out, the: Viial was unſtopt 
in the emptyd. Receiver 3:;and: thougt 
:mmediately; apon the drawing out of ti 
Cork, there appear'd to. be.as it Wee 
thrown -up ſome white-tfumes , Fw 
. ecm 
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ſzem'd to proceed. from the Air belts 
impriſon'd ia the Viol, agd. diffuſing p 


bot ſudden! Y into the, Capicity of che 
Receiver. Yet we afterward obſerv'd, 
5 we expedted, That the fumes did Q9L 


J 

' 

0 

; 

I mount +and diſperſe them(ſelyes as | 

"fl uſe todo inche open Air,, hut ghaty.y hag 
| 
| 
| 
| 
| 
| 
| 


by reaſpn of the agitazign af the. 

meſes of the Liquor,, which could, agp 

continue their. motion, yn. .lo narrow. 4 

ſpace as.the Viol afforded.them, and were 

therefore xeduc'd to, th chruſt one. agar] 

out of jt; -, when, 1 [5 CAR: \by theſe afh- 
d $0 the - UP 


ances the frmes were aſocnde 
of the ,Viol, they maunted. 


but ran down along the out-f1 6d deo Te 
Yoo! ta! the, bottom af it" .and thence 
dong, 2 long and inclining piete of Lead, 
0 which .che Viol reſted, like a little 
W Stream (nor. very much: big er then a 
MW Sans Quill) whoſe nature ir feemd r9 &y 
MW avlate ſo well, that it quizted nat the Viol 
| lit was come to the bottom of it, and 
WY then forſook it in ſuch a manner as 
fream of Water of the ſame bigneſs 
yould have done. And this ſtream blted 
A pretty while, and would probably have 
JH ated longer, but rhar being loath to waſte 
wy Liquor, I let in at-the Srop-cock a 
P 2 pretty 
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pretty deal of the external Air ; notwith: 
Randing which, finding after a while the 
ſtream did ran afreſh, though, as it ſeem'4, 
not altogether ſo, copious as before : I let 
2S*much more Air, as would, come in,and 
Found (ſomewhat to my wonder) that 
thongh the ſtream formerly mention'd 
dif-appear'd; yet there appear'd not any 
White fumes to ariſe,cither from theCork, 
or our of 'the Viol it ſelf; no not when 
the Cover'was 'remov'd from the Recei- 
ver; though not onely after awhile there 
aſcended white Fumes from the Receiver: 


but haying forthwith taken out the Viol 


into the'open Air, it emitted white ex- 
Halations as before 3 and having preſently 
after unſtop'd it in an open Window, we 
found both it arid' the Cork immeditly 
ro ſend forth a yet much more plentifu! 
1imoak. Though'it be now divers years 
fince thit Numerical Liquor -was preps 
red, after'the manner mention'd either 
by Carnetadrs or Elentherins(for I do not 
well remember which) in thoſe Dialogues 
concerning Heat and Flame that have a- 

bove been mention'd. | 
More Circumſtances concerning theſe 
Fumes we might-have obſerv'd, had we 
not been deterr'd by an Indiſpoſition 10 
1 point 
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point of health, from having much to,do 


with ſteams of ſo dangerous anature,as by, 
that of the Ingredients of this Liquor 


theſe cem likely to be of. 


The RefleRions that may be made up- 
on this Experiment, we havenot now the 
leaſure to proſecute, and therefore ſhall 
content our ſelves to recommend the ſe- 
reral Circumſtances gf it tro Your Lord*- 
ſhips ſerious conſideration; and to take 
notice (en paſſat) that ſteams inan am+ 
bient Body, or a medium chinner then 
themſelves, may both tend downwards, 
and otherwiſe emulate the nature of a 
Liquor z which I therefore point at, that. - 
ic may appear the leſs ſtrange, if we ſome 
times ſpeak of the Atmoſphere as of a 
kinde of Liquor, in co 
more thin and ſubtle Celeſtial Matter that 


ſurrounds it. 


ariſon of that 


And though it might perchance ſaf- 
lice to have on. this occaſion intima- 


ted thus much , 


of ſpeaking 


yet , leſt this way. 
of the Atmoſphere ſhould 


be thought too bold and extra- 
vagant, I am content to borrow an, 
e Diſcourſe former-. 


ly 


Experiment of > 


P 3 
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" F entation'd (touching fluidity and firms 
nels) and ſubjoyn it here with alterations 
fuitable ro the contrivance of our Engine, 
and this the rather, becauſe I hope itmay 
conduce to the diſcoyery of the nature of 
the Atmoſphete : 'fof which reaſon it 
might have been annext to what has been 
tiored either upon the firſt, or eighteenth 
Experiment, but chat when they were 
written and fenr_ away, it* came not into 
my minde. The Experiment then as we 

fry'd in our Engine, was as follows. 


* 
% 


Expers E took ohie of the ſmall Receivers, 
Pt 30» often mention'd already, and into it 
we convey dapieceof well lighted March, 

and letting it remain there till it had fill'd 

the Receiver with ſmoak, we took it out 

and haſtily clofdapain the Receiver, that 

the ſmoak might not get away. Then 

ſtaying awhile to let theſe fumes leiſurely 
ſubfide, we found, 2s we expected, that 

after ſome time they ſerled chemſelves in 

the lower half of the Receiver, ina dak- 

iſh Body, leaving the upper half of the 

| Receiver tranſparent, and as to fight, full 
of nought bur clear Aig. Now to man- 
felt thar this ſmoak thus ſerled cinidaret 

ED alt 
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;Liquor, weincha'd:the Enginethiat cons = 
zin'Cit, ſometimes ro ane (ide;and ſomes 
cmes/to the. other. and; -obfetv'd2.the 
ſmoak to keep'its-ſurface almoſt Horiz 
zonal, notwithſtanding the. ſtooping of 
he Vellel chat-held- it, as Water. Or afl- 
other. Liquor would in: the hike) caſe. have 
done- And if by:aquicker rocking of; the 
Engine the ſmoke were more (witely.ſha- 
ken; would, hike. Water; | either Vibrate 
wand fro from'tone {ide tqthe other of 
theGlaſs,or ele have its ſurfacemanifeſt- _ 
y.carll'd with. Waves, but: preſerve its 
{elfinan intire and diſtin Body-from the 
mambent Air z and being permitted to 
reſt awhile, would ſoon recavyer.its for- 
mer {mooth and level ſaperfecics: If alſo 
the Key were turn'd and the-Valve un- 
fopp'd, ſo that there was a free; though 
but narrow paſlage open'd betwixt the 
external Air and the cavity.of the Recet- 
ver, then would ſome of this {moak fall 
down, as it were, ina ſtream into the ſub- 
jacent Cylinder, and a proportionate 
quantity of the outward Air, would ma- 
ateſtly aſcend through it into the 1acam- 
bent Air, much after the ſame manner as 
ifyou invert a Viol witha lang, Neck,and 
well fill'd with Red-Wine, 1nto a Glaſs 


—-—cending into its room in the like curled 


| (226) 

full - of fairwater, you ſhall ſee the Water 
andWine by degrees mingle with one. 
other; the' one-fallingidowne as it werein 
little colour'd ſtreames, and the other af. 


reames', ſometimes preceded by round 
parcels of water, which;by-reaſon of their 
tranſparency, looke almoſt like bubbles, 
The. other circumſtances of this Experi- 
ment, belonging not all of them toour 
reſent 'purpoſe, we ſhall content our 
ſelves with - eaking-notice of one which 
ſeemes the moſtimportant, and mayilly- 
ſtrate and confirme ſome things former- 
ly delivered, And it was, -T hat if, when 
the ſuperficies of our Smoke lay ſmooth 
and horizontal, a hot iron were held near 
theout ſide of the Receiver , the Neigh 
bouring part of the included fumes( for 
the reſt «id not very much alter their for- 
mer ſuperficies) being rarified by the heat, 
would readily aſcend ina large Pillar of 
ſmoke to the very top of the Receive! 
yet without ſeeming to looſe a diſtinct 
qr hg be confounded with Al; 
low which , upon the receſs of the ad- 
ventitious heat that by agitating it iM- 
pell'd it upward , it would againe ſub- 


lide, 
All 


I 
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ALS be a man che entiet 
-peicens/of the ſmoking Liquor, and 
a may be from that ck has been 
elſewhere ſayd, gather'd tothe ſame pur» 
poſe,witl,I hope, keep ic at leaſt fromap- 
peringabſur'd: If ſince wefee that-thexe 
is _ an inequality in the denſity and 


times thinner or lighter thanQuick-falver 
ofthe. fame bulk, and well dephlegnyds 
Spirit of Wine yet much lighter chan wa» 
ter; we venter to ſpeak ſometimes of the 
Atmoſphere, as if it were a. peculiar kind 
ofthin and halituous Liquor { if I may.fo 
lit} much lighter than Spiritot Wine, 

To theſe things I know aot whether it 
will be requiſite to add... that as we late- 
ly took notice of conſpicuous waves that 
appear'd- upon the ſvperficves of our agt- 
tated ſmoke. So ſome luch thing may 
not abſurdly be conjectur'd to happen 
on the ſuperficies of the Atmoliphere , 
by thoſe ſtrange ruggedneſles that ap- 
pexre ( eſpecially in the:Spring and- Fall, 
when exhalations and vapours are wontto 
aſcend moſt plentifully } upon che Limb 
orEdge of the Riſing and Setting Sun. I 
ſpeake thus diffidenely upon this occaſion 
decauſeT know that by theFlucuation or 

Cos” 


| 
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ght of Liquors,that water is neere; 14 © | 


yling ofthe Sun's own: ſuperficles.di- 
js rs | naudanghave play 
fibly © enougy/ {but how! crulyT leave 
you Lordſhip Judge ) endeavour'd to 
givean Account of it. Bur if Wewilljoine 
withithoſe-rhar/ have a(crib'diot late this 
Phenomenon ee the Refrattion the Sun- 
' Beatyies'ſuffterworr vapid: Air; :wemay, 
+ hartbeenititimaiited,promoretheitDo- 
&rin by dedacitzyfrom it, tharprobably 
the ſurface Atmolphere is oftentimes (if 
not awayes)& ceedingly curlid or-wav'd. 
Ad certainly 'ivis-ſomewhar wonderfull 
&'well as very-fleaſant'to behold, how, 
to'him- rtiar-466ks upon cho fſertinig; Sun 
through a long Ge-excelterit Teleſcope, 
there- will ciot only--appeare range inc- 
qualities in theedge of it ( infomuch that 
T have often ſeen- Jr more indentedthana 
Sdw Jbur thoſe equalities willvaniſh in 
'ons place and'prefenely  appeare- in ano- 
"ther, and ſeem 'perfetly; ro move like 
"waves ſucceeding and deſtroying one an- 
other; fave that-their Motion oftentimes 
'{eemes to be quickeſt as ifin tharvaſt fea 
'they were Catried oi by a Qutrent,. Or at 
leaſt-by a tide. '' And this: (:as we llc 
"Where fiote- J' appear's tothe eye not oN- 
Iy'whenit looks-direRly rhyough che 16- 
FTI YCE T _ leſcope 
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eſcope uponthe- ſunne z- but alſo when 2 
e and well defin'd image of theſunne 
8 by the ſame teleſcope broughr into 
roomme and caſt upon'a ſheer of white pa« 
; But to infiſt on this were to dipteſs; 
1nd therefore I will proceed to experi- 
ments of another kind, 3 4 E090 


T has been admir'd by very ingenious ©*Peri- 
Men, that if the  exquiſitly -poliſh'd 7 37: 

ſurfaces of two flat peeces of marble be (6 
congruous to each other that-from their 
mutuall application there will reſult an 
immediate contaQ, they will ſtick ſo faſt 
together, that he that lifts up the upper- 
moſt, ſhall, if the undermoſt be not ex- 
ding heavy, lift up that too, and ſuſ- 
ane it aloft in the free aire. A proba- 
ble cauſe of this ſo'cloſe adheſion we have 
elſewhere endeavour'd to deduce from the 
onequall preſſure of the Air upon the un- 
d&rmoſt ſtone ; For the lower ſuperfictes 
of that ſtone being freely expos'd to the 
Att is preſſ\d upon by it, whereas theup- 
permoſt ſurface, being contiguous to the 
ſaperiour ſtone, is thereby defended from 
the preſſure of the Air which conſequent- 
ly prefling the lower ſtone againſt che up- 

PET z 
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, hinders it from ing » as we have 
Liſerhete : more tully, declar'd . Upon 
cheſe grounds we, conjectur'd that in caſe 
we could procure - two marbles exaQly 


ground to oneanother ; and in caſe we 


could alfo ſufficiently evacuate our Re- 
ceiver , the lower ſtone would, tor want 
of the wonted and ſuſtaining preſſure of 
the Air, fall from the upper. Bur the 


--, further tryal of thisExperiment we muſt, 


SG= C1 


unleſs. yourLordſhip think it worth Your 


| making at Pars, put off rill a fitter 


opportunity. For where we now are, we 
cannot procure marbles ſo exactly ground, 
that they will (uſtaine one another in the 
Air, above a minute or two , which is4 
n.uch ſhorter time than the emprerngn 
our Receiver requires- We did indeed 
try to make our marbles ſtick cloſe to- 
gether by moiſtening their polliſhed ſur- 


. faces with retifi'd ſpirit of Wine, inre- | 


ard that Liquor by its ſudden avolation 


rom marble, if powr'd thereon, without 


leaving it moiſt or leſs ſmooth, ſeem'd 
unable to ſuſtaine them together after the 
manner. of a glutinous body , and yet 
leem'd ſufficient to exclude and keep out 
the Air, But this we try'dto little put- 
pole, for having convey'd into the Recer- 
= Sg ore” ver 
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fer two black ſquare marbles (the one of 
two inches and a''third in length or 
breadth, and ſomewhat morethanhbalfe 
zninch in thickneſs: The other of the ſame 
extent, but \not-'tauch above halfe fo 
thick) faſten'd together by the interven- 
tion of pure Spirit'of Wine , and having 
ſuſpended the thicker by a ſtring-from the 
wver, we found not that the exfution of 
the ambient Air would ſeparate them , 
though a weight amounting-toifour oun-. 
& were faſten'd to the lowermoſt mar-: 
bleto facilitate it's falling of, +: + 1» ' 
would gladly have che Experiment 
try'd with marble ſo well pollth'tas ro - 
needno Liquor whatſoever to makethem. 
cohere , and ina Veſſel our of which the: 
Air'may be more pertetly drawn-thanit 
fas our of ours; ©: Bur in the mean time 
thoagh we wilt not determin whether the 
Spirit of wine did contribute to rheſtrong 
cohbefion of theſe ſtones , otherwiſe than 
by keeping ev'n the ſubcl'ſt parts of the 
Air from getting in between them) yet 1£ 
ſeemed that the not- falling downe of the 
lowermoſt marble mighr without impro- 
bability be aſcrib'd'to the preſſure.of the 
Air remaining in-the Receiver; : which as 


we formerly noted -having-. been able 
co 
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to keep:'a' Cylinder: of water of aboye 


a-Fobt.in height-from. falling to the box. 
tom. of. the Tube, ' may. well enough he 
ſuppoſid capable of keeping ſo broad afia 
Marblafromadeſcending.And though this 
may-ſeem 8 ſtraipe proof of the ſtrength of 
the ſpringof Air,ev't when rarified, ver i 
will (carce ſeem incredible.to him that has 
obferv*dhow exceeding ſtrong a coheſion 
may be made betwixt,þroad Bodies, one- 
ly: by theirimmediate-:touching one ano- 
ther. /!A notable inſtance of which, ] 
have met with .in this: ſhort Narratiye. of 


the LearnediZacching,i Fuveni ((ayshe) 


lacertoruns ſuor um: roburs jactanti prope 
fita :[emtl oft laynina-erte, per _ in 
medio :extaniem- apprehenſam elevanda ? 
tabuls;marmorea, cub.opiime congruebat: 
qur.:primo tdnquam:irem:; ludicram puero 
commiltendam contempſit:: | tum inſtanti- 
bus amicys manum uirimgue admovens, 
cumluttatus diu herentem non removiſtt, 
excuſauit.impotentiam,: objetta perigrint 
& potentiſsimi eluting: inter poſutione, qui 


fortiſsime_copulante nequiret aivells, dos 


nec vidit ab alio per tabulam facilim? lamt- 
2am deduci,, & ad extrema produttam, O 
at am in tranſver ſum inde: deportari. But 


that we may learn from our own Eogine, 


that 
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int eo Bodies» Df touch eack 
giher;! mb. hs A Ge ances, 

maj -b9:made-to:; coherervery OO 
only byshis,, Thar che Aix os 
more forcibly, pon. the; antevior! ty 

ges of the Jowermoſt\ Body -then upd 

the upper ſurface of the (ame: - "We mall 
hexennto annex the following. Expexi- 
ment, though: our- of the order AvVReen 
they Werg mage. £1: Stor thn «e 
adds , 9133 1 5.74 (12! > i « HM 

T7 , "Cj ?+ its Prſy"s 


caning:-Ehaigicy and Firmneſs,:j made 
mention pt:my having, /þy, che exfuctjan 
of the ig puts of a Gla(s: Veſlel, Mage 
that Velle} rake up, orifuck pCto;ſPeak:in 
the conmnearkLanguage}s Body weighing 
dyers-Ogacts.s bur our Engine affording 
psthe opportunity: of -Making conſigen- 
dbler Experainents of; thar,.Finde, We 
gbrifit.zomake a fu;tbes tryal of xhe 
of the: Armoſphere's: preſiure- ap- 
watds, attse che tollowipgangnner- :; 5:10, 
| The/Regeiverbaving lgenr,exquilitely 
cloſ'd, as we-kave-otcentaBghr: Already; 
add the Ax beingiin a gaoduneaſuredrayh 
ont of- #3. yas remoy't&-trom -off- the 


rump: and to.the lovie.:Branch: of: the 
Stop- 


eos L Rug ina  DiCoale 2 ment 3 Zo 


Srop-cock FG. .- 7 
ing Valve ofbrals Auch bk ny 
in the 9 fig: made fit ro'go with its nars 
rower end into the cavity of the branch; 
_ undt6: fill the orifice' of that cavity wich 
'its/broader part. And that'the Ait mighe 
- "not get inat the litle intervals, left here 
-and there betyveen the convex ſurface of 
-theRKopple and the internall edge' of-the 
branch, thoſe intervals were ſtop't with 
a little Diachylon. And to the doore, 


2 -*> or,( if you pleaſe ) that part of the Valve 


which was to move to and'tts; and ig 
this Experiment hung perpendicular to 
the-Horizon, there was, at ai buttonof 
braſs belonging to the Valve faſten'da 
broad ſcale wherein weights were to be 
put. This done the key of the Stop-cock 
was turn'd, and the'external Air beating 
like a forcible treame 'upon the Valve 
rogetin there ,; {ir did ſuddenly both ſhut 
the Valve 'and keep it ſhur-fo ſrong]y, 


that we had time to caſt in diverſe weights 


ons _ another into the - Scale; _ 
length the weight overpowering the prel- 
{ure of the 'Atmoſphere,drew downe the 
Valve by the ſtringes: that ty'd the Scale 
tot, and gaveliberty to the outward Air 


To ruſh into'theReceiver, Though a- 


nother 
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wther time, when the Valve had but lit- 
le weight hanging at it, being, by I know 
not what accident, drawn down beneath its 
former place, it was' by the impetuous 
arent of the outward Air ſuddenly im- 
relld up into it again, and kept there. 
But in che former Experiment it is re- 
markable, That though che Receiver were 
wt well exhauſted, and chough ir leak'd 
jb the reſt of the Experiment was in 
rrolecution, and though the Valve 
whereon the Cylinder oft the Atmoſphere 
would preſs, were not above an Inch and 
; half in Diameter, yer the weight kept 
up by ſuction, or rather ſupported by the 
Air, namely the Valve, the Seal and 
what was caſt into it, being ſent to be 
weigh'd, amounted to about ten of our 
common Pounds, confiſting of fixteen 
Ounces apiece : So that we doubted not 
dutchat, had the Experiment been made 
with favorable Circumſtances , the Air 
adeavoring to preſs inat the Orifice of 
the Stop-cock, would have kept a very 
much greater weight from falling out of 
t; I ſay the Air, becauſe we found, by 
tryal purpoſely made, - that neither the 
mperfe& contact of the Valve and the 
Yop-cock, nor the Diachyloa that was 
cim- 
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employ'dt0 fill up the little Crannies lefe 
betwixt them, were conſiderable in this 
Experiment, by which may among other 


' things appear , that I did not wichour 


cauſein the above-nam'd Diſcourſe touch- 
ing Fluidity and Firmnelſs, aſcribe a great 
force, ev'nto ſuch Pillars of Air as ma 

be ſuppoſ'd to begin at the top of the 
Atmoſphere, and recoyling from the 
ground. to terminate on the Bodies on 
which they preſs: ſ{inceinthe preſent Ex« 
petiment {uch a weight was ſupported by 


 ſoflender 2 Cylinder of Air, rebounding 


from the Earth te the Valve whereonir 
did bear. :” 


Ut in regard we have not yet been 
able to empty ſo great a V<etlel as our 
Receiver, ſo well as we can the Cylinder 
it ſelf ; our Pump alone may afford us: 
noblerinſtance of the force of the Air we 


| live 1n, iafomuch, that by help of this 


partzof our Engine, we may guivea pretty 
near ghels at tne ſtrength of the Atmo- 
ſphere, computed as a weight, - And tie 
way may be this ; Firſt, the Sucker be- 
ing brought to move ealily up and down 
the Cylinder, is to be umpell'dto the top 

"_ of 
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of it: Then the Receiver muſt be taken 
oft from the Pump, that the upper Ort- 


* Þf ficeof the Cylinder remaining open, the 


Air miy freely ſucceed the Sucker, and 
theretore readily yield to its motion 
downward. This done, there muſt be 
faſten'd ro one of the Iron Teeth of the. 
Sucker, ſuch a weight as may juſt ſuffice 
to draw 1t to the bottom of the Cylinder. 
Andhaving thus examin'd what weight 1$ 
neceſſ2ry to draw down the Sucker, when 
the Armoſphere makes no other then the 
ordinary reſiſtance of the Air againſt its 
Celcent ;. the Sucker muſt be again forc'd 
tothetop of the Cylinder, whoſe upper 
Orifice muſt now be exactly cloled; and 
then (the firſt weight remaining) we eaſi- 
ly may, by hanging a Scale to the above- 
mention'd Iron (that makes part of the - 
Sucker) caſt in known weights fo long, 
lin ſpight of the relucancy of the Ar- 
moſphere the Sucker be drawn down. For 
totheſe weights in the Scale, that of the 
Sale it ſelf being added, the ſum will give 
us the weight of a Column of Air, equal 
1n Diameter to the Sucker, or to the ca- 
vity of the Cylinder; and in length to 
the heighth of the Atmoſphere. 
According to this method ive did, {ince 


Qz the 
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the writing of the laſt Experiment, a. 
tempt to meaſure the preſſure of the Ar- 
moſphere, but found it more difficult then 
we expected, to perform it with any ac- 
curatenels ; for though by the help of the 
Manubrium the Sucker moved up and 
down with ſo much eaſe, that one would 
have thought that both its convex ſurface, 
and the concave one of the Cylinder were 
exquiſitely ſmooth, & as it were lippery; 
yet when the Sucker came to be moved 
onely with a dead weight or preſſure (that 
was not (like the force of him that 
pump'd) intended as occaſion required) 
we found that the little rufneſles, or other 
inequalities, and perhaps too, the unequal 
preſſure of the Leather againſt the cavity 
of the Cylinder, were able now and then 
toputa ſtop to the deſceur or afcent ot 
the Sucker, though a very little externa! 
help would eaſily furmount that impedt- 
ment ; and then the Sucker would, for 3 


while, continue its formerly interrupted 


motion, though that afſiſtance were with- 
drawn. But chis diſcouragement di not 
deterre us from proſecuting our Expel. 


ment, and endeavoring, by a caretul rial, 


to make it as inſtructive as we could: 
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of 28 pounds (each confiſting of fixteerr 
Ounces) being faſtned ro one of the teeth 
of the Sucker, drew it down ſlowly e- 
nough ; when the upper Orifice of the 
Cylinder was lefr open, though by the. 
help of Oy1 and Water, and by the fre- 
quent moving the Sucker up and down 
with the Manubrium, its motion in the 
Cylinder had been before purpoſely faci- 
ltated. This done, the upper Ortfice of 
the Cylinder was very carefully and cloſe- 
lyſtopp'd, the Valve being likewiſe ſhuc 
withits wonted Stopple well oyl'd, at- 
cer the Sucker had been again impell'd 
up tothe top of the Cylinder. Then to 
the precedent twenty eight pound, we 
added a hundred and riwelve pounds moreg 
which torcing down the Sucker, though 
but leiſurely, we took off the twenty 
eight pound weight; and being unable to 
procure juſt ſuch weights as we would 
have had ; we hung on, inſtead of it, one 
of fourteen pound, but tound that, with 
the reſt, unable to carry down the Sucker. 
And to ſatisfe our ſeives, and the Spe- 
ctators, that it was the reſiſtance of the 
ambient Air that hinder'd the deſcent of 
ſo great a weight, after that we had try'd 
that upon unſtopping the Valve, and 
G2 _ there- 
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thereby opening an acceſs to the extern; 
Air, the Sucker would be immedinely 
drawn down : After this, Iſay, we made 
this further Experiment, Thathaving by 
a Man's ſtrength forcibly depreff'd the 
Sucker to the bottom of the' Cylinder, 
and then faſtned weights to the above. 
named Iron that makes part of that Syc- 


ker, the preſſure of the external Air find- 


ing little or nothing in the cavity of the 


- evacuated Cylinder to reſiſt it, did pre- 
ſently begin ro impell the Sucker, with 
the weights that clogg d 1t, towards the 
upper Part of the Cylinder, till ſome 
fuch accidental Impediment as we former- 
ly mention'd, check'd irs courſe; and 
when that rub;which ezfily might be, was 
taken out of the way, it would continue 
Its aſcent to the top, to theno {ſmall won- 
der of thoſe By-ſtanders, that could not 
comprehend how ſuch a weight could aſ- 
cend, as it were, of it ſelf ; that is, with- 
out any viſible force, or (o much as Su- 
ction to lift it up. And indeed it is very 
conſ1derable, that though poſſibly there 
might remain ſome particles of Air in the 
Cylinder, afcer the drawing down of the 
Sucker yet the preſſure of a Cylinder of 
the Atmoſphere , ſomewhart leſs mo 
_ 2 _ "In06 
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three Inches in Diameter (for, as 1t was 
Gid inthe deſcription of our Engine, the 
cavity of the Cylinder was no broader) 
wasable,uncompreſt'd,not only to ſuſtain, 
but even to drive up a weight. of an hun» 
dred and odde pounds : for beſides the 
weight of the whole Sucker it ſelf; which 
amounts to ſome pounds, the weights an- 
_ nexedto it made up a huncred and three 
pounds, beſtdes an Iron Bar, that by con- 
jeture weighed two pounds more; and 
yet all theſe together fall Comewhar ſhort 
of the weight which we lately mention'd, 
the reſiſtance ot. the Air to have held fu- 
{pended in the cavity of the Cylinder. 
Andthough (as hath been already ac- 
knowledg'd) we cannot, peradventure, 
obtain by the recited means ſo exact an 
account as were to bewiln'd, of. what we 
would diſcover: Yet, it it ({erve us to 
ground Conjettures more approaching to 
the Truth, then we have hitherto met 
with, I hope it will be conſider d (which 


a tamous Poet judicioully lays) 


Eft quoddam prodire teins, (i non da- 
tur ulirde 


Peradventure it will not be imperti- 
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nent to annex to the other Circumſtances 
that have been already ſet down concern- 
ing this Experiment, T hat it was made in 
Winter, in Weather neither Froſty nox 
Rainy, about the change of the Moon, 
and at a place whole latitude is near about 
51% anda half : For perhaps the force or 
preſſure of the Air may vary, according 
to the Seaſons of the Year, the tempera» 
tureof the Weather, the elevatian ofthe 
Pole, or the phaſes of the Moon ; zi!.or 
even any of them ſeeming capable to al- 
ter either the heighth or con{iſtcnce ofthe 
incumbent Armoſphere : . And therefore 
it would not be amils it this Experiment 
were carefully tryd at ſeveral times and 
places, with variety of Circumſtances, It 
might alſo be try'd with Cyliniers ot 1e- 
veral Diameters, exquiſitely fitted with 
Suckers, that we might know what pro- 
$608 ſeveral Pillars of the Atmoſphere 
ear, to the Weights they are able tous 
ſtain or lift up; and conſequently , whe- 
ther the increale or decrement of the re- 
ſiſtance of the ambient Air, can be re- 
duc'd to any regular proportion to the 
Diameters of the Suckers : Theſe , and 
divers other ſuch things which may be 
try d with this Cylinder, might as of 
them 
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chem be more exaRly try'd by the.Torri- 
cethan Experiment,if we could getTubes 
ſoaccarately blown and drawn, that the 
Cavity were perfe&tly Cylindrical, 


'To:dwell upon all the ſeveral Refle- 
Rions',” that a ſpeculative Wit might 
make upon this and the foregoing Expe- 
xment, ( I mean the thirty third and thir- 
ty ſecond ) would require almoſt a Vo- 
lume; whereas our occaſions will (carce - 
alow us time to touch upon three or 
four of the chief Interences that ſeem de. 
ducible from them,and therefore we ſhall 
— our ſelves to point at thoſe 
my 


And firſt, as many other Phenomena 
of our Engine , ſo eſpecially , the two 
lately mention'd Experiments, ſeem ve- 
ry much to call in queſtion the recetv'd 
Opinion of the Nature or Caule of Su- 
(tion. For *ris true indeed, that when men 
luck; they commonly ule ſome manifeſt 
endeayour by a peculiar motion of their 
Mouthes, Cheſts,and ſomie other.conſpi- 
ring parts, to convey to them the body 
tO be ſuckt in. And hence perhaps they 
ave taken occaſion, to think that inall | 
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Sntion there muſt 'be ſome Endeayonr 
or motion in the ſucking to attri& the 


ſucked Body. Bur in our laſt Experj- 


ment it appeares not at 3!! how the up- 
per part of the empty'd Cylin*er that re- 
maines movele(s all the wiile, or any 
part of it, does at all encc2vour to draw 
to 1t the depreſſed Sucker and the an- 
nex'd weights. And yet thole that be- 
hold the aicention of the Sucker, withour 
ſeriouſly conſidering the cauſe of it-, doe 
readily conclude it'to be rayi'd by ſome- 
thing that powerfully Sucks or attrats 
it, 'though they ſee not what that may 
be or where it lurks . So that it ſeemes 


not abſolutely neceſſary to Suction, that - 
There 1: !heBody,whichis ſaid to ſuck, 


an ende 9 or motion in order thereun- 
co, but rather that Sution may be at lealt 
for the moſt part reduc'd to Pulſion, and 


.its effects aſcrib'd to ſuch a preſſure of 


the:neighboring. air upon thoſe Bodies 
( whther acctal, or of other Natures )that 
are contiguous tothe Bodythar is layd to 
attract them,as is ſtronger than that Sub- 
ſtance which poſſeſſes the cavity of that 
ſucking Body is able to reſiſt, Toob- 
je&t here , that it was ſome particles of 
Air remaining in the empty'd WY 
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der that attracted this-weight to: obviate 
1 Yacowm's Will ſcarce be fatisfatoryzun- 
leſs it.can be cleerly made out by whar li- 
tle hooks,or other grapplingInſtruments, 
che internal Air could take hold ofthe 
Sacker z how (ſo litle of it obtain'd the 
forcero-lift up ſo great a weight; and why 
alſo, upon the letting in of alide more 
Air into” one of our evacuated'' Vel- 
ſels, the attraction 1s, inſtead of: being 
frengthen'd , much weaken'd, though, 
if there were danger of a Yacuum be- 
fore, it would remain, notwithſtanding 
this ingreſs ofa little Air, For that ſtill 
there remained in the capacity of the ex- 
hanfted Cylinder ſtore of little rooms , 
or ſpaces empty or devoid of Air , may 
zppear by the great violence wherewich 
the air ruſhes in, ifany way be open'ditoit. 
And that 'tis not ſo much the deorement 
of the Yacuum within the cavity of the 
veſſel that debilitates the attraction, as the 
{pring of the included air (whoſe preſence 
makes the decrement ) that: does it. by 
reliſting the preſſure of the external Air, 
ſeems probable, partly from the Diſabi- 
lity of vacuities, whether greater oleſler, 
toreliſt the preſſure of the Air;and:'part- 
ly by ſome of the Phenomenaofour Ex- 
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periments, and particularly by this Cir: 
cumſtance of the: three and Thirtieth 
thar the Sucker was by the preſſure of the 
Ambient Air impell'd apwards, with its 
weight hanging/atit, oot only when it 
was at the bottome of the Cylinder, and 
conſequently left a great Yacuum in the 
cavity: of it; but when the Sucker had 
been already impel:dalmoſt.ro the top of 
the Cylinder,and canlequently,whea the 
Vacuum that remain'd was become very 
litle in compariſon of that which preceded 
the beginning ot the Sucker's a{cention- 

In.the next place, theſe Experimenes 
may teach us', what :to.judge of the vul- 
gar Axiom receiv'd for ſo many Ages 
as an undoubted :Eruth in the Peripate- 
tick Schools; That. Nature abhorres 
andflys a Yacunm, 'and that to ſucha ge- 
gree, that no humane power ( to go n0 


higher '). 1s able ro make one in the Unt- 


verſe. wherein Heaven and Earth would 
change places, and all its other Boayes 


rather a& contrary to their own Nature, 


than ſufferit. For, if by a / acuum We 
will underſtand a place pertectly devoid 
of all corporeal Subſtance, it may be in 
deed then, as we formerly noted, be plat- 
fibly enough maiatain'd , that there 15 

_ ho 
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10 ſuch thing in the world, but that the 
enerdlity of the Pleniſts, ( eſpecially cill 
of late yeares ſome of them grew-more 
wary ) did not take a Yacusm in lo ltridt 
: Senſe, may appear by the Experiments 
formerly, and ev'nto this Day imploy'd 
by the Denters ofa Yacuwm, to proveit 
mpoſible that there can be any: made. 
For when they alleadge. ( for Inſtance) _ 
that when a man ſucks Water through a 
long Pipe, that heayy Liquor, contrary 
toits Nature, aſcends into the Sucker's 
mouth, only, to fill up that room made 
by the Dilatation of his Breſt and 
Lungs, which otherwiſe will in part be 
empty. And when they tell us, that the 
reaſon why if a long Pipe exactly 
cos'd at one end be fill'd rop-tul 
of Water, and then inverted, no Liquor 
will fall out of the open Orifice; Or , to 
uſea more familiar Example, when they 
teach, that the cauſe why in a Gardiner's 
Fatering* Pot ſhap'd conically , or like a 
Sugar- Loaf fill'd with Water, no Liquor 
tals down through che numerous holes 
a the bottome, whilſ., the Gardiner keeps 
his Thumb upon the Orifice of the litle 
holeat the top; and no longer, mult be 


that if in the caſe propoſed the Water 
M41 ſhould 


bs 
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ſhould deſcend, the Air being unabletg 
ſucceed it, there would be letr ar the up. 
per and.deferted part of the Veſſel a x4. 
cuum , that would be avoided it the hole 
at the top were open'd. When( I ay ) 
they alleadge ſuch Experiments, the 


 Tendency of them ſeems plainly to im- 


port, that they mean, by a Yacaum, any 
{ſpace here below thar is not fill'd with a 
viſible body, orat leaſt with Air; though 
it be not quitedevoy d of all Body what- 
ſoever. For why ſhould Nature, out of 
her deteſtation of a Yacuum , make Bo- 


dies a contrary to their own Tendency , | 


chat a place may be fill'd with Air, ifus 
being ſo were not neceſlary to the avoi- 


ding of a Yacuum. 


Taking then a Yacuum in this vulgar 
and obvious ſence , the common opinion 


about it ſeems lyable to ſeveral Exce- 


ptions , whereof ſome of the. chiet are 
ſuggeſted to us by our Engine. _ 
It will not eaſily then be intelligibly 


made out, how hatred or averſation, . 


which is a paſſion of the Soule, can either 
for a Yacuum,or any other object, be ſup- 
pos'd to bein Water, or ſuch like inant- 
mate Body , which cannot be preſum'd 
ro know when a Yacuum would cnſue ; if 

Manns” they 
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they did not beſtirre themſelves to pre- 
yeatit, nor to be ſo generous as toa&t 
contrary to what is moſt conducive-ta 
cheir own particular preſervation for the 
publique good of the Univerſe, As much 
then of intelligible and probable; Truth, 
25 is contain'd in this Metaphoricall Ex- 
prefion, ſeems ro amount but to this z 
That by the Wiſe Author of Nature 
(who is juſtly ſayd to: have made. all 
things in number, weight,and meaſure, ) 
the Univerſe, and the parts of it,” are-ſo 
contriv'd, that it is as hard to make a Fa- 
com in ic, as if they ſtudiouſly conſpir'd 
to prevent it. And how far this it (ele 
may be granted , deſerves to be further 
conlider'd, FO 
For in the next place,our Experiments 
ſeemto teach, that the ſuppoſed Averſa- 
tion of Nature to a YVacuum is but acci- 
dental , or in conſequence partly of the 
Weight and Fluidity, or, at leaſt, Fluxt- 
lity ofthe Bodies here below; and partly, 
adperhbaps principally, of the Spring of 
the air, whoſe reſtleſs endeavor to expand 
it ſelfeevery way » makes it either ruſh 
n1t ſelfe, or compel the interpos'd bo- 
Cys intoall ſpaces, where it finds no-grea- 
(er reiſtagce than it can ſurmount, _ 
taat 
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that in thoſe motions-which are made 0} 

fugamV acui(as thecommon phraſe is)Bo. 
dys a& without ſuch generoſity & Cone 
1deration, as iS wont to be aſcrib'd to 
them, is apparent enough in our 324 Ex. 
perirent, where the torrent of Air, thar 
feem'd to ſtrive to get into the Empty'd 
Receiver , did plainly prevent its own 
Deligne,. by ſo impelling the Valve, as 
to make. it ſhut'the only Orifice the Air 
was 'togetin at. And it afterwards ei- 
ther Nature, or the-internal Air,had a de- 
ſigne the external Air ſhould be attra- 
Red , they ſeem'd to proſecute very un- 
wiſely by continuing to ſuck the Valve 
ſo ſtrongly, when they found that by 
that Suction the Valve it ſ{elfe could not 
be drawnin : Whereas 'by torbearing to 
ſuck,the Valve would by it's own weight 
have fall'n down , and {uffer'd the exclu- 
ded Air to returne freely , and co fill 
againthe exhauſted Vellel. 

And this minds me to take notice of W_ 
another deficiency,pointed at by our Ex- I 
periments in the common Do&trine of iſ 
thoſe Pleniſts we reaſon with ; tor many I ' 
of thoſe unuſual morions in Bodies, that II ! 
are ſaydto be made to eſcape a Yarnun, i ! 


ſeem rather made to fill ic. For why, 
__— a 
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{© inſtance in'our newly mentlon'd Ex2 
reriment , aſſoon- as the Valve was de- 
preſs'd by the weight we' himg: at ir , 
thouid the Air ſo impetuouſty :and copt- 
ouſſy ruſh 1nto theicaviry of the Receiver; 
{there were before no vacant room there 
taceceive it? andif there were,then all the 
while the Valve kept oatthe Air., thoſe 
ltle ſpaces in the Recerver;-which the 
expuicles of that Air afterwards fall'd g 
may. be concluded ro have remain'd em- 
pry... SO that the ſeeming. violence , 
mploy'd by Nature on the: occaſion of 
me evacuating, of the Veſſel, : ſeems to 
havecome too. late to hinder the making 
of :Yacuities in the Receiver ,. and only 
to have , aſloon as we permitred, fill'd 
uw. with Air thoſe that were already 
made, EF 

_ And as for the Care of the Publique 
Good of the Univerſe aſcrib'd ro dead 
ad: ſtupid Bodies ,- wee ſhall only de- 
mand, why in our 19** Experiment, upon 
the Ex(uction of the ambient Air , the 
Water deſerted the upper halt of che 
Glaſsg-Tube z and did not aſcend to fill 
up, till the external Air was let inupon | 
it: whereas by irs eaſy and ſudden regat- 
ang that upper part of the Tube, it 
appear d 


_— | 
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appear'doboth that-chere-was there much 
ſpace devoid bf Air, andthat the Water 
might withi ſmall} or -no reſiſtance haye 
aſcendedint@ ir, if it could have done-( 
without jthe impulfton-at the readmicteg 
Air:z; which y:it ſeems, was neceſlary.to 
mind the Water of its formerly neglected 
Duty tothe Uowverle, 57/7 1 
. Nay;ifor:ought appeares ,*ev/nwhen 
the exclbded Air ,. aflvoin as 'twas.:per- 
mtttedgiutht- violemly, into-our exhau- 
{ted Receiver, that flowing ia. of, the 
Air: proceeded rather from the deter» 
minate-:;Eorce-- of -the Spring of» the 
neighbouring Air, thentrom any:endea- 
. vour tofil| up, muchleſs'to prevent v+ 
_cuvity's,,For though whenas much Airas 
will, 15 gotten into our Receiver our pre- 
ſent Opponents take it for granted. that 
It is. full of Air; yet if ir: be remembred 
that when we made our 17!" Experiment 
we.crauded in'more Air to our Receiver 
than it uſually holds; . and 1twe alto con- 
fider ( which is much more) the Airot 
the ſame. confiſtence with that in our 
Recetver may in wind- guns, as is known, 
and 2s we have try'd, be compreſſed:at 
leaſt into halfe its wonted room (1 ſay 


leaſt, becauſe ſome affirme , that the Air 
miy 
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may bertiruſt into an 8+, or a yet ſmaller 
part of ts ordinary extegt }'it ſeems ne- 
ceſſary to-admit either a notion of conden= 
ſation & rarefaction thar is not intelligi- 
ble, or that in the capacity of our Recei- 
yer when prefum'd to be full of Air,there 

et remain d as muchof ſpace as was ta» 
en up by all the aerial corpuſcles unpols 
ſeſſed by the Air. Which feemes plainly, 
to infer thac the Air that ruſh'd into our 
enpty'd veſſel did not doe it preciſel; 
toll ap theVacuities of it, ſince it left {0 
many util ld ,bur rather was thruſt in b 
the preflure of the contiguous Air; whic 
a5 itcould not, but be always ready to exe 
pand it ſelfe, where it tound leaſt reft- 
ſtance , ſo was it unable to fill the Recet- 
verany more, then until the Air within 
wasreduc'd to the ſame meafureof Come 
pactneſs with that without. 
We may alſo from our two already of- 
ten mention'd Experiments: further de. 
duce, that ,.(. ſince Natures hatred ofa 
Vacuum is but Metaphorical and Ac- 
cidental , .being bur a conſequence orre- 
ſult of the preſſure of the Air and of the 


_ Gravity, and partly alſo of the Fluxility 


of ſome other bodies ) The power ſhee 
makes uſe of ro hinder a Vacuum ,. is not 
( 35 
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7 25 wehaveel(e-where alſo noted) any 
ſuch boundleſs ghing as men have been 
pleas'd to imagine. And thereaſon, why 
1a-the former Experiments , mentioned 
in favour of the Plemits, Bodies ſeem to 
forget their own Natures to ſhun a 4. 
cuum , ſeems to be butthis ; Thar in the 
alleadged caſes the weight of that Wa- 
ter that was either kept from talling or 
impell'd up, was not great enough to 
ſurmount the preflure of the contiguous 
Air; which, tit had been, the Water 
would have-ſubfided,though noAur could 
have (ucceeded; For not to repeat that 


Experiment of -Monſteur Paſchal ( for. 
merly mention'd to have been try'dina_ 
Glaſs exceeding 32 Foot) wherein the 


inverted Pipe being long enough tocon- 
tan a competeat weight of Water, that 
Liquor freely ran our at the lower Orifice: 
Not to mention this (I ſay) we ſaw in 
our nineteenth -Experimenr, that when 
the preſſure of the ambient Air.wasſufhi- 
clently weaken'd, the Water would tall 
Our apace at the Orifice even of a 1ho!t 
Pipe, though the Air could not ſucceed 
into the room deſerted by it. And it were 
not amiſs it cryal were made on the tops 


ot very high Mountains, to diſcover wit 
Wat 
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what eaſe 2 Yacuum could be made neat 
the confines. of the Atmoſphere, where 
the Air is probably bur light in compari- 
ſon of what 1t 1s here below, Bur our 
preſent (rhree and thirtieth) Experiment 
ſeems to manifeſt , not onely that the 
power, exercif'd by Nature,to ſhun or re- 
plenſh a Yacuwm, 1s: litnited, but that'it - 
my be. determin'd even to Pounds and 
Ounces : Inſomuch that we might ſay, 
ſucha weight Natare will ſuſtain or will 
liftup to refiſt a Vacuum in our Engine 
butit an Ounce more -be added to that 
weight , it will furmount Her ſo much 
magnih'd deteſtition of Vacuities, And 
thus, My Lord, our Experiments may 
not onely an{wer thoſe of the Pleniſts; 
but enable us to retort their Arguments 
2gainſt themſelves : ſince, if thar be true 
which they alleadge, that, when Water 
falls not down according to its nature, 
a Body wherein no Air can ſucceed to-fill 
up the place it muſt leave, the ſuſpenſt- 
on of the Liquor is made Ne detur Vacu- 
wm, (3s they ſpeak) it will follow, that 
if the Water can be brought to ſubfide 
In iuchacaſe, that deſerted ſpace may be 
deem'd empty , according to their-own 
Dodtrine, eſpecially, fince Nature (as 
3 they 
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they would perſwade ns) beſtirs her ſelf 
ſo mightily to keep it from being ge. 
ſerted. = 


TI hope I ſhall not need to reminde Your 
Lordſhip, that I have all this while been 
ſpeaking of a Yacuum, not in the ſtrict 
and Philoſophical ſenſe,but in that more 
obvious and familiar one that has been 
formerly declar'd. 


; And therefore I ſhall now proceed to | 


obſerve in the laſt place, that our 334 Ex- 
periment affords us a notable proof of the 
unheeded ſtrength of that preſſure which 
15 (uſtain'd by the Corpuſcles of what we 
call the free Air, and preſume to be un- 
compreſſ'd. For, as fluid and yielding a 
Body as1t is, our Experiment teaches us, 
That ev'n in our Climate, and withont 
any other compreſſion then what 15 (at 
leaſt here below) Natural, or (to ſpeak 
more properly) ordinary to it, it bears {0 
ſtrongly upon the Bodies whereuntoit 1s 
contiguous, that a Cylinder of this free 
Air, not exceeding three Inches in Dia- 
meter 1s able to raiſe and carry up 4 
weight, amounting to between ſixteen 


and ſeventeen hundred Ounces, Ifaid, 
1 Evel 


Is 
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even in our Climate, becauſe-that is tems '"o k 

rate enough ; and as far as my obſer- at's > 
yarions aſſiſt me to conjecture, the Air in ve#'w A#- 
many other more Northern Countries "7 
may be much thicker, and able to ſupport adeo qui- 
greater weight: which is not to be {0 4 
doubted of , it there be no-miſtake in Eire 
what is Recorded concerning the Hollans js Nota 
ire, that were forc'd by the Ice to Wine 77 
terin Novs Zembla , namely , That Ges Sc 
they found there ſo conden('d an Air,that ©*9**e7 
they could not make their Clock goe, Ks a 
an by a very great addition -to the ifſa:vivr 
weights that were-wont to move it, 1 
du 3 addid. ſea quam anteir ferre ſolebet, Varenius Geo! Genevat 1, 
311. Propo! 7 Pay. 64d. 

[ ſuppoſe Your Lordthip will readily 
takenotice, that I might very eaſily have 
Ciſcourſed much more fully and accuratly 
then I have done, againſt the common 0+ 
pinion touching Suction, and touching na» 
wres hatred ofa FYacuum. But 1 waswilling 
t0 xeep my (elf to thole conſiderations 
touching theſe marters, that might be ve- 
rit'dby our Engin? it (clf,eſpecially,fince, 
as I ſaid at firſt, it would take up roo mucn 
time to inſiſt particularly uponall the Re- 
fectians that may be made even upon our 
two latt Experiments. And theretores 
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% paſſing to:the;nexr, I ſhall leave it to your 
| Lordſhip coconſider how far theſe tryals 


of ours will either confirm or disfavor 
the new Doctrine of ſeveral eminent Na- 
turaliſts, who teach, ' hat in all motion 


\ - there isneceſlarily a Circle of Bodies, as 


they ſpeak, moving together ; and whe- 
ther the Circles in {uch motion be an Ac- 


- Cidental-or Conſequential thing or no, 


Isa known thing to thoſe that are con+ 
verlant in the Hydroſtaticks, That 


weight, but of unequal bulk , as Gold, 
for inſtance and Iron, being afterwards 
weighed in Water, will loſe their eAqui- 
librium upon the change of the ambient 
Body, ſo that the Gold will fink lower 
then the Iron; which, by reaſon of its 
Breater bulk, has more Water to lift 
or diſplace, that it may ſink. By Analogy 
to this Experiment, it ſeem'd probable, 
that if two weights did in our Engine 


ballance each other, when the Glaſs was 


. full of Air; upon the exſuction of 2 


great part of that Air, ſo notablea change 


Jn the confiſtence of the ambicat Body, 
| would 


iron: Sognatter which, before the Paw 
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would make them loſe their «/£4u1/i- 
brinm-” © ” 
But being deſirous at the ſame time-to 
make a tryal, for a certain Deſign that 
needs not here be mention'd, we took 
for one of our weights a dry Bladder, 
ſtrongly tyed at the Neck, and about 
half fi1l'd with Air (that being a weight 
both flight, and that would_expand ir 
ſelt in the evacuated GE) and faſtning 
that to one part of our formerly ment!1- 
on'dexact ballance (which turns with the 
32*part of a Grain) we put a Meralline 
counterpoiſe into the oppoſite Scale; and 
{othe two weights being brought to an 
eAquilibrium, the ballance was convey'd 
nto the Receiver,and ſuſpended from the 
Cover of it. | : 

But before we proceed further, we mult 
note, That preſently after the laying on 
of the Cover, the Bladder appear'd to 
preponderate, whereupon the Scales being 
taken out, and reduc'd very near to an ef» 
quilibrium, yer ſo, that a little advantage 
remain'd on that fide to which the Metal- 
line weight belong'd ; they were again let 
down into the Receiver, which was pre- 
{ently made faſt with Plaiſter, and a hot 
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was employ'd,; ther Bladder ſeem'd again 
a lictle ro prevonderate. Afﬀterwardg 
che Air in the Glaſs being begun to be 
drawn-out, the Bladder began (accordi 
ro the formerly mention'd Obſervations) 
ro expandit ſelf, and manifeſtly to out- 
weigh the oppolite weight, drawing 
down the Scale: to which it was taſtned 
very much 5eneath the other, eſpecially 
when che Aic had [well 'd it to its full ex- 
tent. | 
This done, we very leiſurely let in the 
external Air; and obſerv'd, that upon 
thefligging of the Bladder , the Scale 
whereto it was faltned, not onely by de- 
grees return'd to ane Equilibrium with the 
other, but at length was a little out- 
weighed by it. 

Bur becauſe we ſuſpected there 
might have interven'd ſome unheedea 
Circumſtance in this laſt part of the Ex- 
periment, we would not preſently take 
out the Scales, nor meddle with the Co- 
ver, but leaving things as they were, we 
perceiv'd, that after a little- while the 
Bladder began again to preponderate, and 
by. degrees to fink lower and lower for 
divers hours. wherefore , leaving the 
Vetlcl cloſdupall night, we repair'd to . 
ITT, -” T nes 
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next Morning , 'and found the Bladder 
fallen yet lower. As if the very fubſtance 
of it, had imbibed ſome of the moiſture 
wherewith the Air (the Seaſon being ve- 
ry rainy) did then abound : As Lute- 
ſtrings, which are made likewiſe of the 
Membranous parts of Guts , ſtrongly 
weath'd, are known to ſwell: ſo much, 
oftentimes as to breakin rainy and wet 
weather. Which conjecture is the more to 
beregarded, becauſe congruouſly unto it 
oneof the company having alittle warm'd 
the Bladder, found it then lighter then 
the oppoſite weight, Bur this muſt. be 
lookd upon as a bare conjecture, till we 
can gain time to make further tryals about 
it, In the mean'while we ſhall adde, that 
without removing the Scales or the Co- 
ver of the Receiver, we again cau(l'd the 
Airto be drawn out (the weather conti- 
ng very moiſt)bur found not any manifeſt 
alteration in the ballance; whether be- 
Cauſe the e/£quilibrium was too far loſt to 
let a ſmall change appear, we determine 
not. 

But to make the Exper:ment with a 
Body leſs apt to be altered by the tempe- 
rature of the Air, then was the Bladder g 


We brought the Scales again to an e/£qu#- 
i libriuns 
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librians with two weights, whereof the 
one was of Lead,the other of Cork. : And 
having evacuated-the Receiver,we obſer. 
ved, that both upon the exſ\uQtion, ad 


atter the-terturn of the Air, the Cork did 


manifeſtly preponderate, and much more 


' a while affer the Air;had been let jn agun, 
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then whilſt it was kept out, Wherttore, 


in the room of the Cork, we ſubſtttured 


a piece of Char- coal; as leſs likely roim- 
bibe any moiſture from: the Air, but the 
event-proved much! che ſame with thar 
newly related : So that :this Experiment 
ſeems more liable to Caſualties then any, 
excepting one we have made 1n our En- 
gine. And as it is difhicult to prevent 
them, ſo it ſeems got. very caſte to diſ- 
cover the cauſes of- them, whereot we 


ſhall cherefore at preſent forbear mention- 


:ng our Conjectures, | 


Ome Learned Mathematicians have of 
late ingeniouſly endeavored to reduce 
Filters to Siphons but ſtill the true caule 
of the aforntichk of Water, and other Li- 
quors, both in Szphons andin Filtration, 
needing (for ought we have yet found) 4 
clearer Diſcovery and Explication , we 
IP - were 
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were -defirous: to- try whether. or tio the 
preflureof the Air:might reaſonably be, 
ſyppoſ'd to have either the princepal;or at 
leafta confiderable'Iatereſt in the raiſing 
of thoſe Liquors.::But becauſe we:tound 
that we could not yet fo evacuate our Re- 
ceiver, but that . the remaining. Air 5 
though but. Little! in comparifon of the 
exhauſted, would-be. able ro impell the 
the. Water to: of roma height! then is 
plval:in ordinary Fultrations: we reſolved, 
inſtead of a Liſt: of /Cotton, or: the. like 
Filtre, to make ufgiot a Siphon of ;Glais,, 
cleared in the third Bigure, confiſt- 
;ng of three pieces, 'two ſtraighe!, and 
the third crooked to joyn themi roge-. 
ther; - Whoſe Junctures were dutigently 
dord, that no Air might finde. entrance 
2.them. One ofthe. Legs of :thns $z- 
pban was (as it fhibuld * be)1:fonjewhbat 
longer then the:orther,: and was :pervious 
a thebottom dt .it:.onely, by a-hole al- 
moſt. as flender.-!as-* a hair, chat | the 
Waiter might. but very leaſutely :drop 
out" of it, leſt ' 1r-:ſhould all run ouc 
betore.the Experiment' were .compleat- | 
ed." "The: other: and. ſhorter .. Leg of 
the S1phoy was quite open at the end, 
and ot the ſame. widenefſe with =_ 
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reſt of the Pipe, whoſebore was abaur3 
of an'Jach. The' whole Siphon made 
up of irhefe ſeveral [pieces pur together, 
was: defign'd to be about 'a Foot and 2 
half long ;- that the remaining Air, when 
the Veltel was exhauſted after the wont- 
ed manger, might-not be. able to jimpell 
the Water to the top of the Siphyy; 
which being inverted, was f11l'd with Wa. 
ter , and 'of which the Shorter leg. being 
let down.two or three Inches deep itito 1 
Glaſs Veſſel full of. Water, and the up- 
per parts of it beingifaften'd to the infide 
of the Cover of [the :Receiver, wepro- 
ceeded to cloſe firſt, and then to empty 
the Veſlel. OJ by: EEE 

The effect of the:tryal, was this, -thar 
till a;precty-quancity of Air had been 
drawnout, the Water dropp'd freely out 
at the:lower end of ' the lower leg of the 
Siphon ,” as if the Experiment had been 
performed inthe free:Air. Bur afterwards, 
the Bubbles (as had been apprehended) 
began to diſcloſe themſelves in the Wa- 
ter, and aſcending to the top of the $:- 
phox, imbodyed themſelves there into 
one, which was augmented little by little 
by theriſing of other; bubbles char from 
time to time broke into ir , bur muci 
EE more 
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more” by. its-own dilatation, which en- 
ceafd: propottionably to the exſuction 
that was made of the Air out of the Re< 
ceiver. - So.that at length the Water in 
the ſhorter Leg of the ' Siphoy was re- 
duc'd partly by the extraction of the am- 
bient Air: and partly by the expanſton 
of the great: Bubble ac. the upper partof 
the $iphon, to be butabouta Foot high, 
t ſo muctry, whereby: it came' co -pals, 
that the: courſe of the Water in the Ss- 
ous was lnterrupted, -and that which re« 
main'd in the Ionger [Leg of it, conrinu'd 
| ſuſpended :there withour dropping any 
longer. '- Bat upon. the turning ob the 
Scop-cock, rhe outward: Air (being let 
ncothe Recerver) got into the Sphon by 
melitle:hole at which:the Water formers. 
ly dropt out , and traverſing all the in- 
cumbent Gylinder of Water, inthe form 
of Bubbles, 'joyn'd it (elf with chac Air 
_ betore/poſlefl'd the: top: of the $35 
phon, By PE, Rt 
. To prevent the inconveniences arihng: 
from theſe Bubbles,rwo Glaſs Pipes,like 
the turmer,' were to placed; as to term- 
nate together 10 the midſt of the Belly of 
a Glaſs Viol, into whole Neck they: 
Weecaretully taſtned with Cement ; _ 
then 
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then both the Viols and the Pipes beins 
(which was not done withour difficulty) 
totdlly fill'd with Water ,':the $:phoy, 
deſcrib'd in the fifth Figure, was plac'g 
with its ſhorter Leg in the Glaſs of W4. 
ter, as formerly.z and the Experiment be- 
ing proſecuted after the ſame manner, 
much more Air.then formerly was drawn 
out, before the Bubbles diſcloſing them- 
ſelves in the Water were able to diſturb 
the Experiment; becauſe thar in the:ca- 
Pacity of the Viol there was room enough 
for them to ſtretch themſelves, without 
_ deprefling the Water below the ends of 
the Pipes; :and, during this time, the 
Water continued to drop out of the pro- 
pending Leg. of. the Siphoy, But at 
length the Receiver being very much em- 
pty d, the paſſage of the Water through 
the Siphon cea{'d,. the upper ends of the 
Pipes beginning to appear a little above 
the remaining Water in the Viol, whoſe 
dilated Air , appear'd likewiſe to preſs 
down the Water in the Pipes, and fill the 
upper part of them. And hereby the con- | 
tinuity of the Water, and ſo the Expe- 
rimenc it ſelf being interrupted, we were 
Invited to let in the Air again, which, ac- 
cording to its various proportions ot 
| preſſure 
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preſlure to that of the Air in the Viol 
and the Pipes, did tor a 200d while exhi« 
bite a pleaſing variety of Phenomena, 
which we have not now the letſure to re- 
cite. And though upon the whole mat- 
ter there ſeem'd litcle or no cauſe to 
doubt, but that, 1t the Bubbles had not 
Gſturd'd the Experiment, it would mani- 
ſtly enough have appear'd that the 
courie of Water through S:phons de- 
pznds upon the prefture of the Air: yet 
wereſolv'd, at our next leifure and con- 
ventency, to try the Experiment again, 
with a quantity of Water before freed 
from Bubbles by the help of the ſame 
Engine. 


This occaſion I have had to take notice 
of Siphons, Puts me in minde of an odde 
kinde of Szphon that I caul'd ro be made 
a pretty while 220; and which has been 
lince, by an Ingenious Man of Your ac- 
quaintance, communicated to divers 0- 
thers. The: occalion was this, An emi- 
nent Mathemarictan told me one day,that 
{ome inquiſitive French Men ( whole 
Names I know not) had obſerv'd, Thar, 
Incale one end of a flender and perforated 
Pipe of Glaſs be dipt in Water, the Li- 
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quor will aſcend to ſome height in the 
Pipe, though held perpendicular to the 
plain of the Water. And, to fatisfie me 
that he miſ-related not the Experimene, 
he ſoon atter brought two or three 
{mall Pipes of Glaſs, Which gave methe 
opportunity of trying It : though I had 
the leſs reaſon to ciſtruſt it,* becauſe I re- 
member I had often in the long and flen- 
der Pipes of ſome Weather Glaſſes, 
which I had cauſ'd to be made after 2 
ſomewhat peculiar tathion, taken notice 
of the like aſcenſion of the Liquor, 
though (preſuming it might be caſual) 1 
had made bur little reflection upon it, But 
after this tryal, beginning co (ſuppoſe, that 
though the Water in theſe Pipes that 
were drought me, riſe not above a quar- 
ter of an Inch, (it near fo high) yet, it 
the Pipes were made ſlender enough, the 
Water might riſe to a very much greater 
height, Icaufdieveral of them to be,by 
a dexterous Hand, drawn out at the flame 
of a Lamp, in one of which that was 
almoſt incredibly {lender, we found that 
the Water aſcended (as 1t were of it {elt) 
five [Inches by meaſure, to the no {mall 
woncer of ſome famous Mathematictans, 
who were Spectators ot ſome of oy 
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Experiments. . And this height the Wa: 
ter reach'd to, though the Pipe were held 
in as erected a polture as we could ; For if 
it were inclin'd, the Water would fill a 

greater part of it, though not riſe higher 
init, And weallo tound, that when the 
inſide of the Pipe was wetted before. 
hand, the Water would rife much better 
then otherways : But we cau{ſd not all 
ourſlender Pipes to be made ſtraight, bur 
ſome of them crooked, like S;phons : And 
hiving immer(ſ'd the ſhortex Leg of one 


" of theſe into a Glaſs that held ſome fair 


Water, we found, as we expected, that 
the Water ariſing to the top of the S7- 
7hen, though that were high enough, did 
of it ſelf run down the longer Leg, and 
continue running like an ordinary Szphon. 
The cauſe of this aſcenſion of rhe Wa- 
ter, appear'd to all thar were preſent ſo 
dithcult,that I muſt nor ſtay co enumerate 
the various Conjectures that were made 
at it, much leſs to examine them ; eſpe- 
cially, having nothing but bare Conje- 
ctures to ſubſtitute in the room of thoſe 
I donot approve, Wetry'dindeed, by 
conveying avery {lender Pipe and a ſmall 
Veſſel of Water into our Engine, whe- 
ther or no the Exſuction of the ambient 
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Air would afliſt us to finde the cauſe of 
the aſcenſion we have been ſpeaking of: 
- But though we imploy'd red Wine in- 
ſtead of Water, yet we could ſcarce cer- 
tainly perceive thorow ſo much Glaſs, as 
was interpol'd betwixt our Eyes and the 
Liquor, what happen'd in a Pipe (o ſlen- 
der, that the redneſs of the Wine was 
ſcarce ſenſible in it. But as far as we could 
diſcern, there happen d no great altera- 
tion tothe Liquor: which ſeem'd the leſs 
ſtrange, becaule the Spring of that Air 
that might depreſs the Water 1n the Pipe, 
was equally debilitated with that” which 
remala'd to preſs upon the ſurface of the 
Waterin rhe little Glaſs. Wherefore, in 
favor of his Ingenious Conjecture who 
a(crib'd the Phenomenon, under confide- 
ration to the greater preſſure made upon 
the Water by the Air without the Pipe, 
then by that within.it, (where ſo much of 
the Water (conliſting perhaps of Corpu- 
| {cles morepliant to the internal ſurtacesof 
the Air) was contiguous to the fices) 1t 
was ſhown, that in cate the little Glals 
Veſſel that held the Water, of which 4 
part aſcended into the ſlender Pipe, were 
jo clo{'d.thata Man might with his mouth 
ſuck the Airour of ir, the Water would 

| ;m- 
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immediately ſubſide in the ſmall Pipe. 
And this would indeed infer, thar it af- 
cended before onely by the preſſure of 
the incumbent Air: Bur that it may 
(how juſtly I know not) be objected, 
that peradventure this would not hap- 
pet, in Caſe the upper end of the Pipe 
weretn a Vacuum: And that *tis very 
rodavle the Water may ſubſtde, not 
Lt the preſlure of the internal Air 
taken oft by Exſuction, but by reaſon 
of the Spring of the external Air, 
which impels the Warer it findes in its 
way to the Cavity deſerted by the 
other Air, and would as well impell 
the ſame Water upwards, as make it 
ſublide, it it were not for the acct- 
dental poſture of the Glaſſes. How- 
ever, having not now leiſure to exa- 
mine any further this 'Matcer, I hall 
onely minde Your Lordſhip, that it 
You will proſecute this Speculation, 
it will be pertinent to finde out likewiſe, 
Why the ſurface of Water (as is maniteſt 
in Pipes) uſes to be concave, being de- 
prell'd in the middle, and higher on eve- 
ry {ide ? and Why in Quick-li]ver onthe 


Contrary, not onely the furtace 15 wont 
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to be very convex, or ſwelling, in the 


middle; but if you dip the end of aflen. 


der Pipe' in it, the ſurface of the Li. 
quor - (as 'tis call'd} will be lower within 
the Pipe, then without. Which Phang. 
mena, Whether, and how far, they may 
be deduc'd from the Figure of the Mexr- 
curial Corpuſcles, and the Shape of the 
Springy Particles of the Air, I willingly 
leave to be confider d, 


C Everal ways we have met with pro- 
pol'd, partly by the excellent Galileo, 
and partly by other ingenious Writers, 
to manifeſt that the Air is not devoid of 
weight; ſome of thele, require the previ- 
Ous ablence of the Air to be weighed; 
and others, the violent conden(ſationotit, 
But if wecould [ift a pair of Scales above 
the Atmoſphere, or place them ina Y«- 
cuum, we 'might there weigh a parcel of 
Air it ſelf, as here we do other Bodies in 
the Air, becauſe it would there be heav- 
er then that which ſurrounds it, as are 
groſſer Bodies we commonly weigh, then 
the medium or ambient Air, Where- 


fore, though we have above declin'dto 
afirm, that our Receiver, when empty- 


ed, 


(:73) | 

ed, deſervesthe name of a true Yacunm, 
and though we cannot yet perfectly free 
it from Air it felt, yet we thought fic to 
try how tar the Air would manifeſt its 
oravity in ſo thin a medium, as we could 
make in our Receiver, by evacuating it. 
Wecaul'd then to be blown at the Flame 
of a Lamp, a Glaſs- bubble of abour 
the bigneſs of a {mall Hen-egge, and of 
an Oval form, ſave that at onecnd there 
was drawn out anexceeding {lender Pipe, 
that the Bubble might be ſeal'd up, with 
_$little rarifaction as might be, of the 
Air included in the great or ovall Cavi- 
tyot it. This Glaſs being ſeal'd, was fa- 
ſtened to one of the Scales of the exact 
pair of Ballances formerly mention'd 5 
and being counterpoil d with a weight of 
Lead, was convey 'd into the Receiver, 
and clo{-dup in it. The Beam %ppearing 
to continue Horizontal, the Pump was let 
awork, and there ſcarce paſt above two 
or three Exſ{uctions of the Air, betore 
the Ballance loſt its «/£qur11/brium, and 
began to incline to that ſide on which 
the Bubble was ; which, as the Air was 
turther and further drawn out, did mani- 
teſtly more and more preponderate, till 
he that pump'd began to grow weary 0: 
CA 1:5 
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his Imployment : after which the aire he. 
ing leaſurely let in againe , the ſcales by 
degrees returned to their former eAquili- 
brium. After that we tooke them out, ing 
caſting into that {cale to which the lead 
belong'd three quarters of a grain, we 
convey'd the bullance into the Recei- 
ver, which being cloled up, and exhau- 
ſted as before , we obſerv'd, that as the 
aire was drawne out more and more, (0 
the elaſle bubble came neerer and neer- 
er to an e/£quilibrinm with the other 
weight , till at length the beame was 
drawne to hang horizontall ; which ( as 
we had found by another t1ya]l) wee 
could not bring it to do, when a quar- 
ter of a Graine more was added to 
the ſcale, to which the lead belong'd: 
though ic ſeem'd queſtionlefle, that it 
wee could have perte&tly empty'd the 
Receiver of the contain'd aire , that in- 
cluded in the bubble would have weigh- 
ed above a grain, notwithſtanding its 


| having been probably ſomewhat Rari- 


fy'd by the flame by the help of which, 
the bubble was ſeald up. Let us ade, 
that on the regreſſe of the excluded 


air, the Lead,and the weight caſt into the 
ſame 


/ 
| 
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ſame ſcale, did 2gaine very much pre- 


ponderate - 


We likewiſe convey'd into the Re- 
ceiver, the ſame- bubble, open'd at 
the end of the ſlender pipe above men- 
tioned, but having drawne out the aire, 
after the accuſtomed manner , we tound 
not as before, the bubble to out-weigh 
the oppoſite lead , fo that by the help 
of our Engine, we can weigh the Aire, 
25 we weigh other Bodies ; 'in its na- 
turall or ordinary conſiſtence, without 
t all condenſing it : Nay , which is re- 
markable, having convey'd a+ Lamb's 
bladder about halfe full of Aire into the 
Receiver , wee obſerved, that though 
upon the drawing out of the ambient 
are the impriſoned Air ſo expanded 
itſelf, as to diſtend the Bladder 1o, as to 
ſeem ready to break it ; yet this rarified 
Air did manifeſtly depreſs the - Scale 
Whereunto it was annexed, 


Another thing, we muſt not forget to 
mcton,that happend to us ,whil't we were 
making tryals cocerning the weight of the 


Air; namely, That having once Gauſ'd the 
Pump 
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Pump to be ſomewhat obſtinately p1y'q 
to diſcover the better what may be ex- 
peed from the thinneſs of the medium 
in this Experiment ; the Impriſon'd Air 
brokeits brittle'Prifon, and throwing the 
oreateſt part of it againſt the (ide of the 
Receiver,dath d it againſt that thick Glaſs 
into a multitude of pieces. Which Acci- 
dent I mention, partly ther it may con- 
firm what we deliver'd. in our Reflections, 
upon the firſt Experiment, where we con- 
{1der'd what would probably be done by 
the Spring of the Air Impriſon'd in ſuch | 

Glafles, in caſe the ballancing preflure of 
the ambient Air were withdrawn ; and 
partly, that we may thence diſcern of how | 
cloſe a Texture Glaſs is, fince fo very 
thina film of Glaſs (if. I may ſo call it) 
prov'd ſo impervious to the Air, that it 
could not get away through the Pores, | 
but was forc'd to break the gas in pieces | 
.to freeitlelf; and this, notwithſtanding 
the time and advantage it had to try to 
get out at the Pores, And this I mention, 
chat neither our Experiments, nor thoſe 
of divers' Learned Men, might receive 
any prejudice from an Experiment whicl 
I happen'd to make diyers years ago, 2nd, 
which having been ſo much taken notice 
01 
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of by curious Men, 'may be drawn to 

countenance their erroneous Opinion, who 
would fain perſwade us, That Glaſs is 

penetrable by Air properly ſo called. Our 

Exveriment was briefly this: We were 
diſtilling a certain ſubſtance, that much a- 

bounded with ſubtle Spirits and volatile 

- © Salr, ina ſtrong Earthen-veſlel of an un- 

vſual ſhape, to which was luted a large 

Receiver, made of the courſer ſort of 

Glas, (which the Trades-men are wonC 
tocall Green-glaſs) but in our abſence, 
the Fire, though 1t were to be very _—_ 

was by the negligence or miſtake of thoſe 
we appointed to attend it, ſo exceſſively 
Increaſ*d, that when we came back to the 
Fornace we found the Spirituous and Sa- 
line Corpuſcles pour'd out (it I may ſo 
callit) ſo hot, and ſo copioully into the 
Receiver, that they made it all opacous, 
and more likely to flie in pieces, then fir 
fo be touch'd. Yet, being curious to ob=- 
ſerve theeffets of a Diſtillation, prolſe- 
cited with ſo intenſe and unuiual degree 
of heat , weventur'd to come near, and 
odſerv'd,among other things, that on the 
out-fide of the Receiver, at a great di- 
ſtancefrom the juncture, there was ſerled 


a round whitiſh Spot or two, _— - 
L 
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firſt we thonght might be {ome ſtain up. 
on the Glaſs; bur after, finding it tg 

| be in divers Qualities like. the Oy] 
' and Salt of the Concrete we were Di. 


ſtiling, we began to (uſpe& that the 


moſt tubtle and tugitive parts of the im, 
petuouſly aſcending Steams, had pene- 
erated the ſubſtance (as they (peak) of 
the Glaſs, and by the cold of the am- 
bieat Air were conden('d on the ſur- 
face of it. And though we were ve- 
ry. backward to credit this ſuſpition, and 
therefore call'd in an Ingentous Perſon 
or two, both to afſhſt us in the Ob. 
ſervatioa, and haye Witneſs of its e- 
vent, we continued a while longer t9 
watch the eſc2pe of {uch unctuous Fumes, 
and upon the whole matter unanimouſly 
concluded , That all things conſider d, 
che ſubtle parts of the diſtill'd matter 
being violently agitated, by the excel- 
ſive heat had pail'd through the Pores 
of the Glaſs, widen'd by the ſame heat, 


Buc this having never happen'® but. 


once in any of the Diſtillations we have 
either made or ſeen, though theſe be 
not a few, it is much more reaſonable 
to ſuppoſe, that the perviouſne(s 0! 
our Receiver to a, Body much Fahey 
. ; ubtie 
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ſubtle then Air, proceeded partly from 
the Iooſer Texture of that particular 
parcel of Glaſs the Receiver was made 
of (for Experience has taught us, that 
41] Glaſs 1s not of the ſame compact- 
neſs and ſolidity) and partly from the 
enormous hear, which , together with 
the vehement agitation of the pene- 
| trant Spirits, open'd the Pores of the 
Glas; then to imagine thac ſuch a 
ſubſtance as Air, ſhould be able to per- 
I eate the Body of Glaſs contrary to 
the teſtimony of a thouſand Chymical 
aad Mechanical Experiments, and of 
' many of thoſe made in our Engine, e. 
ſpecialty that newly recited: May, by 
our fitch Experiment it appears, that 
2 thin Bladder will not at its Pores 
give paſſage even to rarified Air. And 
on this occaſion we will annex an Ex- 
periment, which has made ſome of 
thoſe we have acquainted with it, 
coubt, whether the Corpuſcles of the 
Air be not leſfle ſubtle then thoſe of 
Water, s 
But without examining here the 
realonableneſſe of that doubt, we will 
Proceed to recite the Experiment it ſelf, 


waich feems to teach, Thar chough Air, 
when 
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when ſufficiently compreſſ'd, may per: 
chance getentrance into narrower holes 
and crannies then W ater ; yet unleſs the 
Air beforc'd in at ſuch very little holes, 
| it will not get in at them, though they 
may be big enough to let Water pals 
through them. 
The Experiment then was this: I took 
a fair Glaſs Siphonv, the lower end of 
whoſe longeſt Leg was drawn by degrees 
to ſuch aſlenderneſs, thar the Orifice, at 
which the Water was to fall out, would 
hardly admit a very {mall Pin : This $:- 
phon being inverted, the matter was fo 
order'd, thatalittle Bubble of Air ws 
intercepted in the {lendereſt part of the 
Siphon,betwixt the little hole newly men- 
tion'd, and the incumbent Water , upon 
which, 1t came to paſs, that the Air be- 
ing not to be forc'd through ſo narrow a 
paſſage, by ſolight a Cylinder of Water, 
though amounting to the length of divers 
Inches, as lean'd upon it, hinder'd the 
further Efflux of the Water, as long 31 
pleal'd to let it ſtay in that narrow place: 
whereas, when by blowing a little at the 
wider end of the Siphoy, that little pa 
cel of Air was forc'd out with ſome W+ 
Ter, the remaining Water, that beto!e 
oe oh con- 
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continu'd ſuſpended, began freely todrop 
down again as formerly. And it you 
takea Glaſs Pipe, whether ir bein the 
form of a Siphon, or no, that being for 
the moſt part of the thickneſs of a Mans 
Finger, is yet towards one end ſo ſlen- 
cer, 5 tO terminate in a hole almoſt as 
ſmall as a Horſe-hair ; and if you fill this 
Pre with Water, you will finde that Lt- 
quorto drop down freely enough tho- 
zowthe ſlender Extream : But if you then 
nyert the Pipe, you will finde that the 
Aiwill not eafily get in at the ſame hole 
through which the Water paſl'd. For in 
the ſharp end of the Pipe, ſome Inches 
of Water will remain ſuſpended, which 
tis probable would not happen, if the 
Air could get in to ſucceedit, fince if the 


hole were a little wider, the Water would 


mmediatly ſubſide. And though it be 
true, that if the Pipe be of the length of 
many Inches, a great part of the Wa- 
ter will run down at the wider Orifice,yet 


that ſeems to happen for ſome other rea- 


lon, then becauſe the Air ſucceeds it at 
the upperand narrow Ortfice, ſince all the 
lender part of the Pipe, and perhaps 
{ome Inches more, will continue full of 


Water, 
And 
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And on this occaſion Irememiber, thar 
whereas it appears by our fifth Experi- 
ment, That the Aerial Corpulcles (ex- 
cept perhaps ſome that are extraordinar.- 
ly fine) will not paſſe thorow the Pore 
of a Lambs Bladder, yet Particles of Wa- 
ter will, as we have long ſince obſery'g, 
and as may be ealily try'd, by very cloſe- 
ly tving a little Alcalizate Salt (we uſ'd 
the Calx of Tartar, made with Nitre) 
in a fine Bladder, and dipping the lower 
end of the Bladder in Water; for it you 
hold it there for a competent while, you 
will finde that there will ſtrain thoroiw the 
Pores of the Bladder Water cnoughto 
diflolve the Salt into a Liquor. 

But I ſee I am ſlipt into a Digreſſion, 
wherefore I will not examine, whether, 
the Experiment I have relate1, proceec- 
ed from lence, That the {pringy Texture 
of the Corpulcles of the Air , makes 
chem leſs apt to yield and accommozaute 
themſelves eaſily to the narrow Pores 0t 
Bodies, then the more flexible Particles 
of Water; or whether it may more pr0- 
babiy bealcrib'd to ſome other Cale. 
Nor will I ſtay to confider how far we m3 
hence be aſfiſted to ghels ar the cauledl 
the aſcenſion of Water in the ilcnc 

4 7 Pipes; 
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Pipes -and Siphons formerly mention'd, 
but will return to our Bubble, and take 
notice, That we thought fit alſo to en- 
deayor to meaſure the capacity of the 
Bubble we had made uſe of, by filling 
iewith Water, that we might the better 
know how much Water anſwered in 
weight to 2 of a Grain of Air, butnot- 
xithſtanding all the diligence that was 
nſed to preſerve ſo brittle a Veſlel, ic 
broke before we could perfect what we 
were about, and we were not then pro- 
vided of another Bubble fic for our 


(Urns | 


The haſte I was in, My Lord, when I 
ſent away the laſt Sheer, made me forget 
to take notice to you of a Problem that 
occurr'd to my thoughts, upon the .oc= 
cifion of the flow breaking of the Glaſs 
Bubble in our evacuated Receiver. For 
it may ſeem ſtrange, ſince by our fixth 
Experiment it appears,that the Air, when 
permitted, will by its own internal Spring 
expand 1t ſelfe twice as much as CMer- 
ſennus was able to expand it , by the 
neat even of a candent e/Eolipile: Yet 
the Elatey of the Air was ſcarce able to 


break a very thin Glaſs Bubble, and urt= 


$ terly 
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tetly unable to break one ſomewhat thic- 
ker, within whole cavity it was imprj- 
ton'd; . whereas Air pent up and agitated 
by heat is able to perform ſo much more | 
conſiderable effects, that (not to mention 
thoſe of Rarefaction that are more oby1. 

| ous) the Learned Jeſuic Cavess (he that I 
4 Long writ.of the Load-ſtone) relates, That he 
aero 4. aw a Marple Pillar (fo vaſt, that three 
riſoe: men together with diſplay'd arms could 
not imbrace it, and that ;o00 Yokeof 
Oxen drawing it ſeveral ways with all | 
their ſtrength , could not have torn it 
aſſunder) quite broken oft in the micſt, 
by reaſon of ſome Wood, which hap- 

Pening to be burnt juſt by che Pillar, the 

heat proceeding from' the neighboring 

Fire, ;{foratified ſome Air or Spiricuous | 

Matret which was ſhut up in the cavities 

of the. Marble, that it broke through the 

folid Body of the Stone to obtain room 
to expand it (elf, 

- Iremember I have taken notice that 
probably the realon why the included Air 

did not break the hermetically ſeal'dBub- I ,, 

bles that remain'd intire in our emptyed 1, 

Receiyer,was, That the Air, being ſome- IN 

what rarefied by the Flame imploy'd t0 

clolethe Glals, ics Spring, upon the - tþ 
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als of the heat, grew weaker then before; 
But though we reject not that gheſs, yet 
it will noc in the preſent caſe ſerve the 
wrn, becauſe that much ſmaller Glaſs 
bubbles exactly clo['d, will, by the in- 

(uded Air /thovgh agitated but by the 
heat. of a very moderate Fire) be made 
ofly in pteces. Whether we may be 
$fted ro (alve this Problem; -by coanſi - 
&nng that the heat does from within ve- 
temencly agitate the Corpulcles of the 
Ar, and adde its aſſiſtance to the Spring 
tey had before, I ſhall not nowexamine: 
ince T here but propoſea Problem, and 
tachiefly that by this memorable Story 
of” Cabeus, notice may be taken of the 
rrodigious power of Rarefaction, which 
treby appears capable of performing 

er things then any of our Experl. 
nents have hitherto aſcrib'd to tt. 
| We ſhould hence, My Lord, imme- 
aatly proceed to the next Experiment, 
dutthat we think it fir, on this occaſton, 
acquaint You with what ſome former 

; I 91s (though nor niade in our Engine) 

have taught us, concerning what we 
yould have diſcover'd by the newly 

I nention'd Bubble that broke. And this 

. | ie rather, becauſe (a great part of this 

T A Letter 
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letter ſuppoſing the gravity of the Aire) 
it will not be impertinent to determine 
more particularly then hitherto we haye 
done, what gravity we aſcribeto it, 

\Wetooke then an 1-0-1 made-of 
_ copper, weigtung {ix ounces, five drachms, 
and eight and forty graines : this being 
mad2 as hot as we durſt make it, {tor feare 
of melting the mettle, or at leaſt the So- 
dar ) was removed from the fire and im- 
mediately topped with hard wax that no 
Aire art all might get in at the little 
hole wont to be left in eolzp:les for the 
fumes to iſſue out at: Then the e£olipile 

being ſuffer'd "vo to coole was agan 

_ weighed together with'the wax that ſtopt 
it, and was found to weigh ( by reaſon ot 
the additionall weight of the war ) tx 
ounces, {ixe drachmes;, and 39 graines, 
Laſtly, the wax being perforated without 
taking any of it out of the Scale, the 
externall Aire was ſuffered to ruth nn 
( which it did with ſome noyſe )' andthen | 
the eFoliprle and wax , being againe 


weighed amounted to. ſix ounces, fix I * 
drachmes, and 50. graines. So that the { 
eFolipile freed as farre as our fire could } * 
kice it, trom it's Aire, weighed lefſe then 4 


& 
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it ſelfe when repleniſhed with: Ait , full 
eleven graines, That is, the Air contain- 
2ble wichin the cavity of the eolzpile a- 
mounted toeleven graines and ſomewhat 
more; Iſay ſomewhat more , becauſe of 
the particles of the Air, that were not 
driven by the fire our of the e£ol:pzle, 
And by the way ( if there be no miſtake 
nthe obſervations of the diligent Aer- 
ſnnus )1t may ſeeme ſtrange that it ſhould 
{o much differ from 2, or 3. of ours ; in 
wne of which we could rarifie the Air in 
or Zolip:le(though made red hor almoſt 
alover, and ſo immediately plung'd into 
cold water ) to halfe that degree which he 
mentions, namely to 70, times it's natu- 
rallextent, unlefle it were that the ./£0- 
lipile he imploy'd was able to ſuſtaine 
amore vehement heat then ours ( which 
yet we kept in ſo great an one, that once 
the ſoder melting, it fell aſunder into the 
two-Hemiſpheres it conliſts ot.) 


The fore-mentioned wayof weighing 
theAir by the help of an «/£olzpile, ſeems 
ſomewhat more exact then that which 
Merſennys uſed, In that in ours the e/E£0l:- 
pile was not weighed , till it was cold 
whereas in his, being weighed red hot, it 
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ſubje& to Toole of it's ſubſtancein the 
cooling,for (as we have elſewhere noted 
on another occaſion ) Copper heated req 
hot is wont in the cooling to throw off 
lictle thincales in ſuch plenty,that having 
purpoſely watcht a Copper wha du> 
ring its refrigeration , we have ern the 
place round about it almoſt covered with 
thoſe little (cales it had every way ſcat- 
ter'd : which, however they atnount not 
to much, ought not to be over-looked, | 
when 'tis ſo light a botly as Air, that is 
to be weighed. We will not examine, 
whether the Molipzle in cooling may not 
receive ſome little increment of weight, 
either from ithe vapid or faline Steames 
that wander up and downe in the Air: But 
we will rather mention,thar (tor the grea- 
ter exactneſſe ) we imployed to weigh our 
e/£olipile, both when fi1l'd onely wich Air 
and when repleniſht with Water , a paire 
of ſcales that would turne (as they ſpeak} | 
with the fourth part of a grain, 
As to the proportion of weight be- 
twixt Air and Water, ſome learned men 
have attempted it by wayes ſo unaccurate 
that they ſeeme to have much miſtake 
1t. For( not tomention the improbable 
accounts of Kepler and others.) The _ 
nc 
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aedand.diligent Ricciolus , having pur 
poſely. endeavoured to inveſtigate this 
rroportion by meanes of a thin blad- 
der, eſtimiares the weight of the Air to 
thac of the Water to be as one to ter) 
thouſand,or thereabouts. And indeed I re- 
member that having tormerly, on a cer- 
tain occafion, weighed alarge bladder tul} 
of Air, and found it when the Air was: all 


 fqueeſed out, ro have contained fourteen 


graines of Air. I found the ſame bladder 
#terwdrds fill'd with water to containe 
ery neer 14. pound of that liquor: accor- 
ang to which account, the proportion of 
Awto Water was almoſt as a graine to a 
pound, that is, as one to above 7600. To 


this we may adde, that on the other fide, 


Galileo himielte uſing another, but an un- 
accurate way too, defined the Air to be 
In weight to Water, but as one to 4-hun- 
dred. But the way tormerly propoled of 
weighing the Air by an Zolrpr/e, ſeemes 
by great oddes more exact; and(as farre 
3 we could gheſle ) ſeemed to agree well 
enough with the experiment mace.in our 
Receiver, Wherefore it will be belt ts 
truſt our Aoliple in theenquiry we are a+ 
bout, and according to our oblervations 
the water it contained amounting to one 
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and twenty ounces and an halfe, and ag 
- much Air as was requiſite to fill it weigh. 
ing eleven graines, the proportion in gra- 


vity of Air to Water of the (ame bulk 
will be as one to 938. And though we 


could not fill the Aolip:le with water, (o 


exactly as we wouid, yet In regard we | 
could not either as pertectly as we would, | 


drivethe Air out of it by heat; we think 
the proportion may well enough hold; 
bur thoſe that are delighted with round 
numbers ( as the phraſe 1s ) will'not be 
much miſtaken if they reckon water tobe 
neere a thouſand times heavier than Air. 
And (tor further proot that we have mide 
theproportion betw1xt thele two bodies 


rather greater then leſſer then indeed its, 


and alſo to confirme our former obſerva- 
tion of the weight of theAir we will acde, 
That, having.another time put ſome Wa- 
ter into the Molrpile betore we (et it 0n 
the fire,that the copious vapours of the 
rarefied liquor might the better drive out 
the Air , we found, upon tryall carefully 
made,that when the Aovlipile was retrige- 
rated, and the included vapours were by 
the cold turnedagaine into water ( which 
could not have happen'd to the Air , that 


the preceeding Stgams expell'd ) the Air, 
when 
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when ie was let in, increaſ'd the weight of 
the e-£olipsle as much as before, namely, 
Eleven Grains ; though there were alrea- 
init twelve Drachmes and a half, be- 
ides a couple of Grains of Water, which 
remain'd of that we had formerly put in- 
J to it to drive out the Air, | 

kMerſennus indeed tells us, that by his 
xcount Air is in weight to'Water, as 1 to 
1;56. And adds, that we may, without 
ay danger, believe that the grayity of 
Water to that of Air of a like bulk, is 
wet leſs then of 1300 to 11, And conſe» 
quently, that the quantity of Airto a 
quatity of Water equiponderant there- 
to, 1SaS 1300 to 1, But why we ſhould 
relinquiſh our own carefully repeated try- 
as, Iſeenor, YecT am unwilling tore- 
j&& thoſe of ſo accurate and uſcful a Wri- 
ter: And therefore ſhall propoſe a way 
ofreconciling our differing Obſervations, 
dy preſenting, that the diſcrepance be- 
tween them may probably ariſe from rhe 
ciftering conſiſtence of the Air at Loydon 
and at Par: For our Air being more cold 
and moiſt, then that which Your Lord- 
ſhip now breaths, may be ſuppoſ'd alſo 
| tobea fourth or fifth part more heavy. 1 


leave it to be confider'd, whether it be of 
any 


C592) 


any moment tharoarQbſervations were 


madeinthe midſt of Winter, whereas his 
were perhaps made in'{ome* warmer time 
ofthe Year. Bur thinkit were nor a. 
miſs that, by the method formerly pro. 
poſ'd; the gravity of the Air were ob- 
ſerv'd both in ſeveral Countries, and in 
the ſame Country, in rhe ſeveral Seaſons 
of the Year and differing Temperatures of 
the Weather. And I would give fome- 
thing of value to know the weight of ſuch 
an e/Zolipile as ours full of air in the midft 
of Winter in Nova Zembla, if that be 


true which we formerly took notice of, * 


namely, That the Hollanders, who Win. 
tered thete, found that Air ſo thick that 
_ their Clock would not go. 

If Your Lordſhip ſhould now ask me, 
if I could not by the help ot theſe, and 
our other Obſervations, decide the Con- 
troverfies of our Modern Mathematici- 
ans abont the height of the Air or Atmo- 
ſphere, by determining how high it doth 
indeed reach: I ſhould anſwer , That 
thoughit ſeems ealte enough to ſhew that 
divers Famous and Applauded Writers 
have been miſtakenin aſſigning the heigth 
of the Atmoſphere: Yet it ſeems very 


difficult preciſely to define of what height 
i 


—_  ” 
ir ſs. ' And becauſe we have hitherto but 
lightly tonch'd upon amatter of ſuch im- 
portance,wepreſume it wil not be thought 
mpertinent, upon this occaſion, to annex 
ſomething rowards the Elucidation of 
ol 39 _ 207 
What we have already try'd and new! 

ſet down, allows us to take it for granted, 
that (ar leaſt about Zondon) the propor- 
ton of gravity betwixt Water and Air, 
| of equal bulk, is as of a thouſand to 
ne, b 

BW The next thing therefore that we are 
WU twenquire after, in order to our preſent 
d&bgn, 1s the difference in weight berwixt 
Wzter and Quick-filver : And though 

this hath been defin'd already by the 11- 
luſtrious Yerulam, and ſome other inqui- 
ftive Perſons , that have compar'd the 
eight of ſeveral Bodies, and caſt their 
yan into Tables, yet we ſhall 
not (cruple to annex our own tryals about 
it: Partly , becauſe we finde Authors 
conſiderably to diſ-agree, partly, becauſe 
weuſ'd exater Scales, and a ſomewhat 
more wary method then others ſeem to 
have done: And partly alſo, becauſe ha- 
ving proſecuted our inquiry by two or 
tlree ſeveral ways; the ſmall _— 
op 
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between the events may aſſure us that w; 
were not much miſtaken, ge 
. We took thena- Glaſs Pipe, of the 
form of an inverted Siphor, whoſe ſhape 
is delineated in the ſ1xtcenth Figure: And 
pouring into it a quantity of Quick filyer, 
we held it ſo, that the {uperficies of the 
Liquor, both in the longer and ſhorter 
leg, lay ina Horizontal Line, denoted in 
the Scheme by the prick'd Line E F then 
Pouring Water into the longer Leg of the 
Siphon, till that was almoſt fill'd, we ob- 


ſerv'd the ſurface of the Quick-filver iq ? 


that leg to be, by the weight of the Wa- 
ter, depreſi'd, as from EtoB; andin 
the ſhorter leg, to be as much impell'd 
upwardas from F to G: Whereuponha- 
ving tormerly ſtuck marks, as well at tie 
point B, as at the oppoſire point D, ve 
mealur d both the diſtance D C to have 
,the height of the Cylinder of Quick-il- 
ver, which was raiſ'd above the Point D 
(level with the (urtace of the Quick-filver 
in the other leg)by the weight of the Wa- 
ter, andthe diſtance B A which gave vs 
the height of the Cylinder of W ater. 90 


that the diſtance D C amounting to 2- 


Inches, and the height of the Water a- 
mounting 30 Inches z ang the whole 


NUM- ' 
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gumbers on both ſides, which the annex= 
ed Fractions being reduc'd to improper 
Frations of the ſame denomination, the 
proportion appear'd to be (the denomi- 
wtors beng left out as equal on both {ides) 
$121t0 1665 z or by reduction, as-one 
(0 13S. ; | 
Beſides this unuſual way of determi- 
ng the gravity of ſome things, we mea” 
ſn'd the proportion betwixt Quick-filver 
ad Water, by the help of ſo exact abal= 
lnce, as looſes its e£qwlibrinm by the 
hndredth part of a Grain. Bur becauſe 
there 1s wont to be committed an over- 
hobt in weighing Quick-filver and Was: 
ter, eſpecially if the Orifice of the Veſlel 
wherein they are put be any thing wide,in 
regard that men heed not that the ſurface 
of Water in Veſlels will be concave , 
but that of Quick-filver,notably convex 
or protuberant : To avoid this uſual over- 
hghr (I ay)we made uſe of a glaſs bubble, 
blown very thin at the Flame ofa Lamp, 
that 1t might not be roo heavy for the 
Ballance, and terminating in a very ſlender 
neck. wherein the concavity or convexity 
of a Liquor could nor be conſiderable: 
This Gla(s weighing 23 -Grains,we b1I'd 
almoſt 
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almoſt with Quick-filver, and faſtning + 
mark over #gainſt, the middle of the pro- 
euberant Superficies a5 near as our Eyes 
could judge, we found that the Qyick- 
filveralone weighed 299; Grains: Then 
the Quick: ſilver being pour'd aut, and 
the ſame Glaſs being fill'd as full of com- 
mon Water ,- we: tound the Liquor to 
weigh 214 Grains. Whereby it appear'd 
that the weight. of Water to Quick- 
ſilver; is as one to 13:5: Though aur 1]- 
luſtrious Yerulam (queſtionlels not tor 
want of Judgement or Care, but of ex- 


a&t Inſtruments) makes the proportion | 
betwixc thoſe two Liquors to be greater | 


thenof 1 to 17. Andto adde, that up- 
on the by, fince Quick-filver and well 
reQifted Spirit of Wine, are (how juſtly 
I ſay not) accounted, the one the hex 
vieſt, and the other the lighteſt of Li 
quors;z we thought to fill in the ſame 
Glaſs, and with the ſame Scales to ob- 
ſerve the difference betwixt them, which 
we found to be as of x to 16%; where* 
by ic appear'd, That the difference be- 
twixt Spirit of Wine, that may be made 
to burn all away, (ſuch as was ours) and 
common Water, is as betwixt 1 and 15; 


We 


tg 
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We might here take occaſion to-ad- 
gire, that though Water (as appear'd by 
the Experiment formerly mention'd of 
the Pewter Veſſel) ſeems not capable of 
ay conliderable condenſation, and (ems 
ot to have incerſper{'d 1n ir any ſtore of 
ir; yet Quick-flver, of no greater bulk 
hen Water, ſhould weigh near tourteen 
mes as much. But having onely point- 
eat this as a thing worthy of confidera- 
ton, we wall proceed in our inquiry afcer 
te heigeh of the Armalphere :. And to 
n01d the trouble of Fractions, . we will 
dame that Quick-ftlver is fourteen times 
&heavy as Water, ſince it wants ſolictle 


ot being ſo. 


Wheretore having npw given us the 
proportion of Air to, Water, and Water 
tg Quick-filver, it will be very eafte to 
inde the proportion betwixt Air and 
Quick-filver, in caſe we will ſuppole the 
Atmoſphere to be uniformly of fuch a 
Oaliſtence as' the Air we weighed here 
below. For ſince our Engine hath ſum - 
cently manifeſted that 'tis the <£quits- 
rium with theexteraal Air, that in the 
Toricellian Experiment keeps the Quick- 
liver from ſubſiding z And fince, by our 


«curate Experiment tormerly mention'd, 
| 
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it appears that a Cylinder of Mercuty, 


able to ballance a Cylinder of the whole 


Atmoſphere, amounted to near abour 
thirty Inches; and fince , Tonlequently 
we- way aſſume the proportion of Quick- 
{filverto Air to be as fourteen thouſand ro 
one ; it will follow, that a Cylinder of 
Air, capable to maintain an e£quilibrinm, 
with a Mercurial Cylinder of two Foot 
and an half in height, muſt amountto 
35000 Feet of our Engliſh» Meaſure, 
and conſequently (reckoning five Foot 
to a Geometrical Pace, and one thouſand 


ſuch Paces to a Mile) to ſeven full 


' Miles. © 

But this (as we lately intimated) pro- 
ceeds upon the ſyppolition, that the Air 
1s every where of the ſame confiſtence 
that we found it near the- ſurface of the 
Earth z but that cannot with any ny 
be concluded, not onely for the reaſon 
finde to have been taken notice of by the 
Antients, and thus expreſt in Sexec«: 


| Sexer:Nat: Omnw Aer (lays he) quo propior eff terris 
queſt:l1b.4. hoc craſstor , quemadmodum in aqua & in 


omni humore fax imaeſt, ita in Aere ſpi[: 
fſe1ma ques, defidunt ; but much more, 
becauſe the ſpringy Texture of the Aerial 
Corpuſcles, makes them capable ot 1 

very 
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yery greatcompreſſion, which the weight 
of. che incumbenc part of the Armo- 
ſphere is very [ufhicient to give thoſe that 
be.undermoſt and near the ſurface of the 
arch. Andit. we recall to minde thoſe 
former Experiments, whereby we have 
manifeſted, That Air, much rarefied with- 
ouc heat, may eaſily-admit a further ra- 
ration from heat;and that the Air,even 
without being expanded by. heat, is capa- 
de of being rarefied to above one hundred 
ud fifty times: the extent it uſually poſ- 
es here below ;, How can it be demon- 
lated that the Acmoſphere may nor, for 
ought we know, or at leaſt for ought cart 
be determin'd by our Statical and Mecha. 
nical Experiments, riſe to the height of 
Five and twenty German Leagues, it not 
of ſome hundred of common Miles ? 

And this conjecture it ſelt may appear 
rery injurious to the height whereunto 
Exhalations may aſcend, it we will allow icc!: 
that there was no miſtake in that ſtrange 7”. | 
Obſervation made at Tolows in a clear 2.16. 10. 
Night in £A#gnſt, by the diligent Ma-/<#-6:t507. 
tnematician Emanuel M aguan, and thus my #2 
Recorded by Ricciolws, (tor I have not at lis. 1. Per- 
hand the Authors own Book) Yidit (ſays/"***: 
ie) ab hora undecima poſt meridiem uf, adpug: ;8. 
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 fole illuminari; ideoque altior eſſe debuit 
. totaumbraterre. Aadit(continues Riccs- 

dls) ſimile quid eveniſſe Michacli Angely 
' Riccio apud Sabinos verſanti' nempe vir 
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mediam nottem Luna infre horizontem 
pofita, nubeculam quanaam lucidam pro 
Meridianum fere uſque ad Tenith diffuſam 
que confideratis omnibus non poterat va p 


in Matheſt ernditiſsimo. 
Various Obſervations made at the 
feer, tops, and interjacent -parts of high 
Mountains, might perchance ſomewhat 
aſſiſt us to make an eſtimate in what pro- \ 
portion, it in any certain one, the higher W þ 
Air is thicker then the lower, andghels WI oc 
at the dil- form confiſtence, as to laxity I yy 
and companeſs of the Air at ſeveral if (@ 
diſtances from us. And if the dificul- MW © 
ties about the refrations of the Celeſtial MW on 
Lights, were ſatisfactorily determio'd, I by 
that might alſo much conduce to the pi» Wl ;p 
cing due limits to the Atmoſphere(whole 
Dimenſions thoſe Obſervations about M ( 
Retractions ſeem hitherto much to con- I gh 
tract.) But for the preſent we dare not I frg 
pronounce any thing peremptorily con I we; 
cerning the height of it, but leaveitt0 I the 


. further inquiry : contenting our ſelves t0 I ar 


have manifeſted the miſtake of dive's I the, 
: eminent Þ 
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eminent Modern Writers, who will not : 
dlow the: Atmoſphere to exceed above 
woor three Miles in height (as the Fa- 

mous Kepler will not the Aer refratFivus) 

nd to have rendred a reaſon why in the 

nention we-made in the Notes upon the 

firſt Experiment, touching the height of 

the Armoſphere, we ſcrupled not to ſpeak 

dit, as if it might be many Miles high. 


VVE will now proceed to recite a Experi- 
Phenomenon, which , though 7 37- 
made amongſt the firſt, we thought fit XJ 
notto mention till after many others,that 
we might have che opportunity to ob- 
ſave as many Circumſtances of it as we 
could, and fo preſent Your Lordſhip at 
once, moſt of what we at ſeveral times 
lave taken notice of concerning ſo odde 
iPhanomenon, 


Our Engige had not been long finiſh'd, 
wen, at the firſt leaſure we could ſteal 
rom our occaſions to make tryal of it, 
vecauſ'd the Air to be pump'd out of 
the Receiver 3; and whil'ſt I was buſied in 
tertaining a Learned Friend that juſt 
ltencame ro viſit me, an Ingenious By- 
— Va ſtander 


2 
ſtander, thotighit he perceiv'd ſome ney 
kind of Light in the: Receiver,"of which 

iving me haſtily notice, 'my Friend and 

preſently 'obſerv'd, that when the Suc- 
| ket was drawn down, 1miniediately upon 
the-turnins of the Key, there appear'd 
a kinde of Light in the Receiver, almoſt 
like a faint: flaſh of Lightening in che 
Day-time, ' and almoſt as ſuddenly didic 
appear and vaniſh. Having, not with- | 
out ſome amazement, oblery'd civers | 
of theſe Apparitions'of Light , we took 
notice that the Day was clear, the hour | 
about ten in the Morning, - that the onely | 
Window in the Room fac'd the. North; 
and alſo, that by interpoſing a Cloak, or 
any opacous Body between the Receiver 
and the Window, though thereſt of the 
R oom' were ſufficiently enlightned, yet 
the flathes did' not appear as betore, un- 
leſs the opacous Body were remov'd, 
Bur not being able on all theſe Circum- 
itances ro ground any firm Conjeture 
at the cauſe of this ſurpriting Phenom 
0n, as (00n as Night was come, Ve 
made the Room very dark ; -and plying 
the Pump, as in the Morning, we could 
not, though we often try'd, tind, upon 


the turning. of the Key, {o much as - 
| : le: 
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laſt elimmering of -Light'; whence we 
err:d; that-rhe flaſh appearing in the 
Recaver, did not proceed from any new 
Light -genetared there, but from ſome 
efleftions:-of-the light of - the Sun, or 
other Laminous Bodies plac'd without 
tz "though whence thar * RefleRion 
hould *proceed, it poſd-us to conje- 


(ure. - 7, 

Wherefore the next Morning, ho- 
ing to tnform our ſelyes: better, we 
rent -about- to repeat the Experiment, 
but though we could as well as former- 
ly exhauſt rhe Receiver, though the 
place wherein we made the tryal was the 
very famez and though other Circume 
ſtances were reſembling, yet we could 
not diſcover the leaſt appearance of 
Light all that Day , nor. on divers c- 
thers on: which tryal. was- again fruitle(- 
ly made'; 'norican we to this very time 
be ſure a; Day betore-hand that theſe 


. Flaſhes will be to be ſeen in our great 


Receiver;'" Nay, - having once found the 
Engine. in a good humour (it I may. 
ſo. ſpeak) to ſhew this trick, and ſent 
notice of js to our Learned Friend 
DoRor Falls, who expreſl'd a great 
— D 3 celire 
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defire to ſee this Phenomenon; thongh he 
were not thea above a Bow.ſhoot off; and 
made haſte to ſatisfie his Curioſity, yer 
by that time he was come, the thing he 
came for was no _ to be-ſcen; ſo 
that having vainly endeayored-to exhibit 
again the Phenomenon in his preſence, I 
began to apprehend what he might think 
of me, when unexpectedly the Engine 
preſented us aflaſh,and after that a ſecond, 


and as many more, as ſuffic'd to ſatisfie | 


him that we might very well confidently 
relate, that we have our ſelves (cen this 


Phenomenon,though not confidently pro. ; 


miſe to ſhew it others. 

And this unſucceſsfulneſs whereto our 
Experiment is lyable, being ſuch, that by 
al our watchfulnefs and tryals, we could 
never reduce it to any certain Rules or 
Obſervations, ſince in all conſtitutions 
of the Weather, times of the Day, &*. 
it will ſometimes anſwer, and ſometimes 
diſ-appoint our Expectations; We are 
much diſcourag'd from venturing toframe 
an Hypotheſis to give an account of it: 
which if the Experiment did conſtantly 
ſucceed, might the more hopefully be at- 
tempted; by the help of the following 


Phenomena laid together : ſomeot them 
| pro- 
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produc'd upon. tryals purpoſely made 
co examine the validity of the cOUjJectares, 
other tryals had ſuggeſted. -: 

'Firſt chen we oblerv'd, that the Appat 
rition of Light may be wade. as-well by 
Candle-light,. as by Day-lighty - and in 
whatever poſition x Candle be held, in 
reference to the Receiver, as on this or 
that hand of it, above it, "beneath it, or 
ay other way, provided the Beams of 
Light be not. hinder'd fron falling upon 
the Veſlel. 

Next, we hoted that the flaſh appears 
immediately upon the turning of the 
Key, to ler the Air out of the Receiver 
into the empty'd Cylinder, in ſo much 
that I remember not that when 2t any 
time in our great Receiver, the Stop-cock _ 
was open'd before the Cylinder was ex- "AR 
hauſted (whereby it came co paſs that the Wy 
Air did rather Gebend:: then ruſh into the 
Cylinder) the ofcen mention'd flaſh ap- 
pear'd to Our eyes. 

Yet, we further obſerv'd, that when in- 
ſtead of the great Receiver we made uie 
of a ſmall Glaſs, not containing abovea . 
pound and a halt of Water, the Pheno- 
menon might be exhibited though the 


StON- cock were open, provided the 
V 4 Sucker 
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Sucker were drawn nimbly : down;.- -: 
_- We noted too, that when we began.to. 


empty the Receiver, the appearances of 


Light were much more” conſpicuous 
then towards: the latter end, when httle 
Air at a time could paſs -our of the Res 
CelVer. | Ly oat din 

Weobſerv'd alſo, that when the Suc- 
ker had not; been long betose well Oyl'd, 


and inſtead. of the great Receiver, the 


ſmaller Veſlel.above- mention;/d was em. 
ploy'd, We obſerv'd, I ſay, that then, 


upon the opening of the Stop-cock, as 


the Air deſcended out of the Glaſs in- 


to the empry*d Cylinder, ſo at the ſame 


time there aſcended out of the Cylinder 


into the Veſſel a certain Steam, which 


ſeem'd to conliſt of very little Bubble, 
or other minute Corpuſcles thrown up 
from the Oyl, rarefied bythe attrition it 


ſuffered in the Cylinder. For at the 


{ame time that theſe Steams aſcended 
Into the Glaſs, ſome of the ſame kince 
maniteſtly iflued out like a little Pillar of 
Smokeat the Orifice of the Valve, when 
that was occaſionally open'd. And thele 
Steams frequently enough preſenting 
themſelves to our view, we found, by 
expoling the Glaſs to a clear Light, that 


they 
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they were-wont 'to play up and down 
ic, and fo'by their whiteiſhnels,.'to,e- 
mulate in ſ\Sdme:meaſure the apparitipg:of 
Light. --- /541 1h nr obo = "22 
For we likewiſe. ſometimes found, , by. 
natcbful-j obſervation; that when the 
Flah was great, not onely,. at the very 
aſtant the. Receiver loſt of, its, cranſpa- 
racy, by appearing full of ſome kinde 
of whitiſh ſubſtance 5 bur.chat tor ſome 
ſhort time, after the ſides: of the. Glaſs 
continued ſomewhat opacous , and* 
kem'd to- be darken'd, - as iff: fome 
whitiſh Steam adher'd co the inſide of 
thems Ns £5 , X .? 


He that would. render a Reaſon of 
the Phenomenon, whereof all theſe are 
not all the Circumſtances, muſt doe 
two things z whereof the one is diſt- 
cult, and the other lictle leſs then 1m- 
poſſible: For he muſt give an Ac- 
count not. onely whence the appearing 
whiteneſs proceeds, but wherefore that 
whiteneſs. does ſometimes appear and 
lometimes. not. wing 

For our part , we freely conteſſe 


| Our ſelves at a loſſe about rendering 


aRea- 
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4 Reaſon of the lels difficult part of the 
Problem : '- And 'though Your Lorg. 
ſhip ſhould ev'n' preſs us:to declare whar 
Conjecture it was, that theabove-recited 
Circumſtances ſuggeſted tous, we ſhould 
propoſe the thoughts we then-had, no 0- 
therwiſe then as bare ConjeCtures. © 
" Tn caſe then our Phenomenon: had con- 
ftantly and uniformly appearid, we ſhould 
hive ſuſpeRed'it ro have beenproduc'd 
_ after ſome ſuch manner as follows, 


©”Firſt, we obſerv'd that, though that | 
Which we ſaw in our Receiver ſeem'd to | 
be ſome kinde of Light, yet it was indeed | 


but a whiteneſs which did (as hath alres- 
dy been noted) opacate (as ſome ſpeak) 
the inſide of the Glaſs. Ny. 

- Next we confider'd, that our com- 


"mon Air abounds with Particles or little 


| Bodies, c2pable to reflec the Beams of 
Light. Of this we might eaſily givedr 
vers proofs, but we ſhall name bur two: 
"The one, that vulgar obſervationof the 
'Motes that appear in Multicudes ſwim- 
ming up and down in the Air,” when tne 
vyn- beams ſhooting into a Room, or any 
Other ſhady Place diſcover them, though 


otherwiſe the eye cannot diſtinguiſh them 


from 


— 8 

Fott the reſt of the Air: The other proof 
we will take from what we (and nodonbe 
rery-many others) have obſerv'd, touch- 
ng the Illumination of the Air 'in the 
Night." And we particularly remember, 
that, being at ſome diſtance from London 
one Night, that the People, upon a very 
well-come Occaſion, teſtified their Joy 
by numerous Bon-fires z though, by rea- 
jon of the Interpoſicion of the Houſes, 
re could not ſee the Fires themſelves, yet 
re could plainly ſeethe Air all enlighten'd 
over and near the City g which argu'd, 
that the Incid Beams fa upwards from 
the Fires, met in the Air with Corpuſcles 
- eggs enough to reflect them to our 
'Athird thing that we conſidered, was, 
That white may be produc'd- (without 
excluding other ways, or denying inviſt- 
ble Pores in the ſolideſt Bodies) whep 

the continuity of a Diaphanous Body 

happens to be interrupted by agreat num- 
ber of Surfaces, which, like ſo- many 
little Looking -glaſſes, do confuſedly re- 
preſent a multitude of little and feeming- 

ly contiguous Images of the elucid Body. 

We ſhall not inſiſt on the explanation of 
this, but refer You tor it to what we _ 

Lo 
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Fid-in- anothir Paper:':(touchins Co? 
lours.)) Bur the Inſtances that ſeem to 
prove it are-obvions::Hor Water or whites 
of Eggs beaten to froth, do loſeitheir 
tranſparency and appear white. And ha- 
vihg :oue-of one of. our: leſſer Receivers 
carefully drawri out the Air,and ſo order'd 
it, that the hole by whichithe Water was 
to get in, was exceeding: ſmall, that the 
Liquor might be che more broken in its 
paflagethorow it,: weobſerv'd with plea; 
ſure,” That, the' Neck being held under 


Water, and the little hole newly. men- | 


tion'd being open'd, the Water thatruſh'd 
1n was fo broken, and acquired {uch amuts 
titude of. new Surfaces, that the Receiver 
{ceem'd to befull rather of Milk then Was 


ter. We havelikewiſe found out, That 


by heating a lump ob Cryſtal co a.cartain 


degree; :and quenching it in fair Water, it | 


'yould be diſcontinu'd by ſuch amult- 
tude-of Cracks, (which created new Sut+ 
faces within it) that though it would. not 
fall -aſunder, bur retain its former ſhape; 
yetit would loſe irs tranſparency, and ap- 
pear white, SH re © 3097517 

 Upontheſe Confiderations, My Lord, 
and ſome others, it ſeem'd not ablur'd to 
_ 1mnagine, That upon the ruſhing ot the Aif 
out 
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> | ont of the Receiver 'iaro the etmpry*Cy- 
> | finder, che AirintheReceiver being ſud- 
&nly and vehemently expanded,the Tex- 
ture of it was as ſuddenly alter'd; and the 
parts made ſo fo ſhift places (andperhaps 
ſome of them to change poſtures ) as du- 
ting their new and vehement Motion and 
theit varied Seiruation, to diſtuth the 
yonted continuity and ſo the Diapha- 
feity of the Air; which (as we have alrea- 
dy noted) upon its ceaſing to be a tran- 
parent Body, without the interpoſition 
of colour'd things, muſt eaſi wy degene- 
rate into white. | 


Several things there were that made 
this ConjeRare ſeem the leſs improba- 
ble. As firſt, That the whiteneſs al- 
ways appear'd greater when the Exſucti. 
on began to be made, whilſt there was 
ſtore of Air in the Receiver, then when 
the Air was in great part drawn out. And 
next, That, having exhauſted the Re- 
ceiver, and apply'd co the hole in the 
Stop- -cock a largebubble of clear Glaſs,in 
ſucha manner, that we could at pleaſure [er 
the Air paſs out at the ſmall Glaſs into the 
great one, and eaſily fill the {mall one wich 


Ai again, We obſerv'd with pleaſure, 
T hat 
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That:upoa-.the opening the paſſage be. 
IWIXT. Eph Glaſles, the Air es 
ſmaller having ſo much room in the great. 
er to. receive it, the Diſſilicion of thar 
Air-was ſo great, that the ſmall V;jol 
ſcem'd to be full of Milk z and this Expe. 
riment we repeated ſeveral times, To 
which we-may adde, That, having pro- 
vided a ſmall Receiver, whoſe upper Qti- 
ficewas ſo narrow that I could ſtopit with 
my Thumb, I obſerv'd, that when upon 
the Exſuction of the Air the capacity of 
the Glaſs appear'd white, if by a {ndden 
removal of my Thumb 1 let 1a the out- 


ward Air, that whiteneſs would imme- | 


diately vaniſh. And whereas it may be 
objected, That in the Inſtance formerly 
mention'd, Water turning from perſpt- 
cuous to white, there intervenes the Ar, 
which isa Body of a Heterogeneous na- 
cure, and muſt turn it into Bubbles to 
make it loſe its tranſparency. We may 
borrow an Anſwer from an Experiment 
we deliver in another Treatiſe, where we 
reach how to make two very volatile Li- 
quors, which being gently put together 
are Clear as Rock-water, and yet will al- 
moſt ina moment, without the ſub-ingrel- 


Honof Air to turathem into —_ (0 
alter 
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acer the diſpoſition of their inſenſible 
parts, as to become a white and conſiſteac 
Body. - And this happens not as - inthe 
rrecipitation' of Bexjamin, and ſome 0« 
ther Refinous Bodies, which being diſ- 
ſoly'd in Spirit of Wine, may, by the effy- 
hon of fair Water, be turn'dinto a ſeem+ 
ingly Milky ſubſtance. For this white- 
gels belongs not to the whole Liquor,but 
tothe Corpulcles of the diflolv'd Gum, 
which after a while ſubfiding leave the Li- 
quor tranſparent, themſelves onely re- 
naining white : Whereas inour cale, 'tis 
from the vary'd texture of the whole for. 
merly tranſparent fluid Body, and not 
from this or that part char this whiteneſle 
reſults : For the Body is white thorowour, 
ad will long continue ſo; and yet may, 
in proceſs ot time, without any addition, 
be totally reduc'd into a tranſparent Bo- 
dy as betore. 

But beſides the Conjecture inſiſted on 
all this while, we grounded another upon 
the following Obſervation, which was, 
That having convey 'd ſome ſmoke into 
our Receiver plac'd againſt a Window,we 
odlery'd, that upon the exſuction of the 
Air, the Corpuſcles that were (wimming 
nit, did manifeſtly enough make the Re- 

Celver 
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ceiver ſeem more opacous at, the very 
moment of theruſhing out of the Air - 
For conſidering that the whiteneſs, whoſe 
cauſe we enquire of, did bur ſometimes ap- 
pear, it ſeem'd not impoſſible but that at 
ſach times the Air in the Receiver might 
abound with Particles, capable of re- 
fleing the Light in the manner requiſite 
to exhibit a white colour, by their being 
pur into a certain unuſual Motion, As 
may be in ſome meaſure luſtrated by 
this, That the new motion of the freſhly 
mention'd Fumes, made the inſide of the 
Receiver appear ſomewhat darker then 
betore : And partly by the nature of our- 
formerly mention d ſmoking Liquor, 
whoſe parts though they ſeem'd tranſpa- 
rent whilſt they compol'd a Liquor, yet 
when the ſame Corpulcles, upon theun- 
ſtopping of the Glaſs, were put into a 
new motion, and diſpoſ'd after a new 
manner, they did opacate that part of the 
Air they mov'd in, and exhibited a great- 


er whiteneſs then that which ſometimes 


appears in our Pneumatical Veſſel. Not 
ſhould we content our ſelves with this (1n- 
gle Inſtance, ro manifeſt, That litcle Bo- 
dies, which being rang'd after one manner, 


are Diaphanous and Colourleſs, may, by 
: being 
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being barely agitated, diſperſ'd, and con- 
ſequently otherways rang'd, exhibite a 
glour, if we were not unwilling to rob 
our Collection of Experiments concern- 
ing Colours. - 

But, My Lord, I foreſee You may 
make ſome Objections againſt our pro- 
zoled gheſs, which perhaps I ſhall ſcarce 
teable to an({wer, eſpecially, if You in- 
if apo» having me render a Reaſon why 
our Phenomenon appears not conſtant- 
h, TT / 

I might indeed anſiver, that probably 
t would do fo, if inſtead of our great. 
keteiver' weule ſuch a ſmall Viol as we 
havelately mention'd, wherein the Diſ- 
lition of the Air being much greater, 1s 
keto be the more conſpicuous: Since I 
remember not that we ever made our try- 
1 with ſuch (mall Veſlels, without find- 
no the expected whiteneſs to appear. Bur 
twould remain to be explicated, why in 
dargreat Receiver the Phenomenonſhould 
ſometimes be ſeen,and oftentimes not ap- 
pear, And though that Conjeure which 
welaſt made ſhould not be rejected, yet if 
re were further prefl'd ro aſſign a reaſon 
Why the Air ſhould abound wich ſuch Par- 
licles, as we there ſuppoſe, more at one 
XN -Ume 


IC 2”: this concerning the Effets of ſome 
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time then another, we are not yet pro- 
vided of any better Anſwer, then this 

_ general one ,...T hat the Air about us, 
and much more that withinthe Receiver, 
may be much alter'd by ſuch cauſes as few 
are aware of: For, not to repeat thoſe 
probable Arguments of this Aflertion 
which we'; ave occaſionally mention'd 
here and there in the former part of this 
Epiſtle, we will here fet:down two or 
three Inſtances to verifie the (ame Propo- 
ſition, Firſt, 1 finde that the Learned 

Toe: 4- Foſephus Acoſta, among other Judicious 

coſta: Nat: Qbſervations he made in CA merica, bath 


Whew 4 Hyſt:ot thc 


indles,}b, Winds 3 There are (lays be) Winds which 
3. Cp. 9- naturally trouble the Water of the Sea,and I | 
make it green, and black; others, clears il 

Cryſtal. Next, we have obſerv'd, That MW 
though we conveyd into the Receiverou MW 
Scales, and the Penaula formerly men- IM 
tion'd,cieznand bright z yer after the Re- MW 

ceiver had been empty d,and the Airletin 
2241n, the gloſs or luſtre both of the,one, 

and of the other, appear'd tarniſh'd by 
beginning ruſt, And in the laſt place,ve ©ſ | 

will ſub;oyn an Obſervation we made 

* {ſome Yearsago, which hath been beard 


of by divers Ingenious Men, and _ 
} 


F 
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by ſome of them : We had, with pure 
Spirit of Wine, drawn a Tinure our of 
acertain .Concxete which uſes to be rec- 
koned among Mineral Bodies ; And this 
TinQure beingvery pure and tranſparent, 
we did, becauie we put a great value upon 
t, put into a Cryſtal Viol which we care- 
fully ſtopp'd, andlock'd up in a Preſs a- 
mong ſome other things that we ſpecial = 
ly priz'd, * This Liquor being a Chy- 
mical Rarity,. and beſides, very defecate 
and of a pleaſing Golden Colour; we 
had often occaſion to look upon it, and 
ſo to take notice, that one time it ſeem'd 
tbe very much troubled, and not clear 
$it was wont to be: Whereupon we Ima. 
ned, that though ic would be ſomething 
ange, yet it was not impoſlble chac 
ſome Precipitation of the Mineral Cor- 
puſcles was then happening , and that 
thence the Liquor was opacated z but, 
finding after ſome days that though the 
expected Precipitation had not been 
made, yet the Liquor, retaining its for- 
mer vivid Colour, was grown clear again 
35 before z we ſomewhat wondered at it, 
and locking it up again in the ſame Preſs, 
we reſolved to obſerve, both whether 
the like changes would again appear in 
An our 
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our Tin&uresz 'and whether in: caſe they 
ſhould appear, they would. be kſcribable 
to the alterations of the Weather, Bur 
though,during the greateſt part ofa Win- 
ter anda S Wk, > we took pleaſure to ob- 
ferve, how the Liquor would often grow 
turbid, and atter a while clear again: Yer 
we could not finde that theſe Mutations 
depended upon any that were manifeſt in 
the Air, which would be often. dark and 
clouded, when the Tincture was clear and 
tranſparent z as on the other ſide,in clear 
Weather the Liquor would appear ſome- 
_ times troubled, and more opacous, So 
that being unable to give an account of 
theſe odde changes in our Tincture (which 
 weſuppole we have not yet loſt, though 
we know not whether it have loſt its fickle 
Nature) either by thoſe of the Air, or 
any thing elſe that occurr'd to our 
thoughts ; we could not but ſuſpe that 
| there may bein divers Bodies, as it were 
Spontaneous Mutations , that is, fuch 
changes as depend not upon maniteſt 
Cauſes. But, My Lord, what has been 
all this while ſaid concerning our Pheno- 
Menon, is ofter'd to You, not as contain» 
1ng a ſatisfactory Account of ir, but to 


aſſt You to give Your ſelf one. 
ve 
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\ 


\/ E' took a Glaſs Veſlel; open £*P*7- 
.Y Y at the top,, and into it we' pu 
2 mixture of Snow and .common Salt 
(ſuch a mixture as we have in another 
Treatiſe wy diſcourſed of) and in- 
to the midſt of this mixture we ſet a 
Glafle, of a Cylindrical -form , cloſely 
ſtoppd at the lower end with Plaiſter, 
and open at the upper, at which we 
fill'd it with common Water. Theſe 
things being let down into the Recej- 
ver , and the Pump being ſet awork , 
the Snow began to melt ſomewhat fa- 
ſter then we-expeed z whether upon 
the account of the .Exſuction of the 
Air, or becauſe there was but little of 
the Snow, or whether for any other 
Reaſon, it appeared doubrfull, But 
however , by that time the Receiver 
had been conſiderably exhauſted, which 
was done in leile then =. of an hour ;. 
we perceived the Water near the bot- 
tom of the Glaſs Cylinder to Freeze, 
and the Ice by alictle longer ſtay, ſeem'd 
to encreaſe, and to riſe ſomewhat higher 
FL ey then 
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then the ſurface of the ſurrounding Li. 
quor, whereinto almoſt all the Snow and 
Salt were reſolv'd. The Glaſs being ca- 
 kenour, it appear'd that the: Ice was xx 
' thick as the inſide of the Glaſs it fill'q, 
though into that I could put my Thumb, 
The upper ſurface ot the Ice was very 
concave, which whether. it. were due co 
any unheeded accident, or to the exſy- 
Rion of the Air, we leave to. be deter- 
min'd by further tryal. And laſtly, the 
Ice held againſt the Light, appear'd not 
deſtitute of Bubbles, though ſome By- 
ſtanders thought they were fewer then 
would have been found if 'the Water had 
been frozen in the open Air. The like 
_ Experiment we try'd alſo another time in 
one of our ſmall Receivers, with not un- 
ive mcceets.: 7: 

And on this occaſion, My Lord, give 
me leave to propoſe a Problem, which 
ſhall be this: Whence proceeds that 
ſtrange force that. we may ſometimes ob- 
ſerve in frozen Water, to break the Bo- 
dies that Impriſon it, though hard and ſo- 
Iid ? Thar there is ſuch a force in Wa- 
ter expol'd to Congelation, may be ga- 
ther'd not onely from what may be often 
obſerv'd in Wigter, of the burſting of 

 : Glaſles 
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Glaſſes too cloſe ſtopp'd, fill'd with Wa- 
rer or aqueous Liquors, bur by Inſtances 
much more conſiderable asle(s obvi- 
ous- For I remember, that an Ingenious 
Srone-cutternot long ſince complain'd to 
me, That ſometimes, through the negli- 
gence of Servants, the Rain being ſufter- 
ed to ſoak into Marble Stones, the ſuper- 
vening violent Froſts would burſt the 


Srones, to the Profeſlors no ſmall dam- 


ze. And I remember another Trades- 
man,in whoſe HouſeI had Lodgings, was 


aſt Winter complaining, that even Im- _ 


plements made of Bell-mertal, being care- 
kſly expoſ'd to the wet, have been broken 
and ſpoil'd by the Water, which, having 
gotten into the little Cavities and Cran- 
nies of the Metal, was there afterwards 
frozen and expanded into Ice, And to 
theſe Relations, we can addce one of the 


formerly mention'd Cabens's, whereby ;;.;. 


they not onely may be confirm'd, but are 
ſurpaſi'd : For he tells us, That he ſaw a 
huge Veſſel of exceeding hard Marble, 


ſplit aſunder by congel'd Water, whole 


Raretaction, ſays our Author, prov'd fo 
vehement, that the hardnels of the Stone 
yielded toit; and foa Veſlel was broken, 
which would not have been fo by 100 
CESS XN 4 Yoke 
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Yoke of Oxen drawing it ſeveral ways, I 
know, My Lord, that toſolvethis Pro- 
blem, it will be ſaid, That Congelation 
does not(as is commonly, but erroneouſly 
preſum'd) reduce water into Jeſs room 
then it poſſeſl'd before, but rather makes 
it takeup more. And I haveelſewhere 
prov'd by particular Experiments, That 
whether or no Ice may be truly ſaid to be 
Water rarefi'd (for that ſeems queſtion- 
able) it may be ſaid to take up moreroom 
then the Water did before Glaciation, 
But though we grant that freezing makes 


Water (well, yet, how Cold (which in 


Weather-Glailes maniteſtly condences 
the Air) ſhould expand either the Water, 
or the intercepted Air ſo forcibly, as to 

erform ſuch things as we have newly re- 
ated, will yetremain a Problem. 


V E took an Oval Glaſs, clear and 

* (leaſt it ſhould break) pretty 
ſtrong, with a ſhort Neck at the obtuſer 
end; through this Neck, we thruſt almoſt 
to the bottom, a Pipe of Glaſs, which was 


- cloſely Cemented to the newly mention'd | 


Neck , the upper part of which Pipe, 
was drawn in ſome places more — 
chen 
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thena Crows Quill, that the changes of 
he Air in that. Glaſs Egge might be the 
more conſpicuous 5 Then there was con- 
yeyd into the Glaſs five or ſix Spoon- 
fulls of Water, part of which, by blow- 
ng Air into the Egge, wasraiſ'd into the 
:hove-mention d {lender part of the Pipe, 
ſothat the Water was interpoſ'd between 
teexternal Air, and that included inthe 
Foge. . This Weather-glaſs (delineated 
othe fourteenth Figure) was ſo plac'd, 
adcloſ'd up inthe cavity of one of. ouy * 
{nall Receivers, that onely the ſlender 
patof the Pipe, to the heigth of four 
o five Inches, paſſing thorow a hole in 
the Cover, remain'd expol d to the open 
Ar. 

The Pump being. ſet a work, upon 
the ExſuRion of the Air, the Water in 
the Pipe deſcended about a quarter of an 
Inch, and this upon two or three reitera- 
ted tryals z which ſeem'd ſufficiently to 
7oue that there was no heat produc'd in 
the Receiver upon the Exſuction of che 
Air: For even a little heat would pro- 
J ably have been diſcover'd by that Wea- 
J tQer-glaſs, ſince upon the bare applica« 
FJ on of my hand to the outlide of the 
Receiver, the warmth having atter ſome 
[1Mec 
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time been communicated or :propagated 
through both the'Glaſles, and the inter« 
val betwixt them to the Impriſon'd Air, 
did ſo rarifie thar, as to inable it, by preſ- 
| finguponthe fubjacent Water, to impel 
that in the Pipe very many times as far as 
it had fallen downwards upon the Ex[uci- 
on of the Air. wo 

Yet ſhall not we conclude, thatin the 
cavity of the Receiver thecold was preat- 
er after the ExſuCtion of the Air then be- 
fore. 

For if it be demanded what then could 
cauſe the fore-mention'd ſubliding of the 


Warer ? it may be an{wered, Fhat pro- | 


bably it was the reaching of the Glaſs 


Egge, which, upon the Exſuction of the 


ambient Air, was unable to reſiſt alto- 
gether as much as formerly the preſſure of 
the included Air, and of the Atmoſphere, 
which, by theintervenſion of the Water, 
'preſl*d upon its concave ſurface: Which 
{eem'd probable, as well by what was 3- 


bove deliver'd, in the Experiment about | 
the breaking of the Glaſs by rtheforce ot | 
the Atmoſphere; as by this notable Cir- 
cumſtance (which we divers times ob- | 
ſerv'd)That when by drawing the Air out | 
of the Receiver, the Water in the Pipe | 
-," Was } 
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xs ſubſided, upon the readmiſſion of the 
external Air to preſs againſt the convex 
arfxce of the Egge, the Water was pre- 
{atly re-impell'd to its former height : 
Which would perhaps appear leſs ſtrange 
 EoYour Lordſhip, if You had yet ſeen 
rhat we have heretofore taught in ano - 


ter Treatiſe concerning the Spring that 


my be diſcover'd in Glaſs, as rigid and 
nlexible a Body as it is generally e- 
tem'd. Andin the mean while it may 
fre the turn to cauſe a Glaſs Egge to be - 
down exceeding thin, and then, having 
ken it, try how far you can by degrees 
vend ſome narrow parts of it ; and how 
readily, upon the removal of what kept 
tdent, it will reſtore it ſelf ro its former 
ſite or poſture. But to return to our 
Experiment, From thence it ſeems pro- 
dble, either that there ſucceeds no Bo- 
(inthe room of the Air drawn out of 
our Receiver, or that it is not every Mat- 
ter that is ſubtle enough readily to paſs 
lirough the Pores of Glaſs, that 1s al- 
Fys agitated enough to produce Heat 
Mere evet it is plentifully found. So that 
it no Yacuum be to be admitted, this Ex- 
periment ſeems to invite us to allow 2 


geatdiſparity, either as to bulk, or 8s to 
agita- 
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2giration,-or: 25 to- both, betwixt ſom 
A parts of the Echerial-Subſtance, and thoſe 
chat are wont here below to produce Heat 

and Fire. 

We try'd alſo what. Operation the 
drawing out of the Air would have upon 
Camphire, that being a Body , which, 
thongh not a Liquor , conſiſts of ſuch 
Volatile or Fugitive parts, that without 
any greater agitation then that of the open 
Air it (elt, they will copiouſly fie away, 
But we found not that even this looſe 
Body was ſenſibly alter'd by the Ex(ucti- 

on of the ambient Air. 


Exp:rs- TT may (ſeem well worth trying, whether 
men: 49. * or no in our exhauſted Glaſs the want 
of an ambient Body, of the wonted thic- 

neſs of Air, would ditable evenlight and 

little Animals, as Bees, and other winged 
Inſects, to flie. But though we ealily 
foreſaw how difficult it would be to make 

ſuch an Experiment, yer not to omit our 
endeavors, we procur'd alarge Fleſh-fly, 

which we convey'd into a ſmall Receiver. 

We alſo another time ſhut into a great 
Receiver a Humming Bee, that appear'd 


ſtrong and lively, though we had _ 
ODE have 
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we made the tryal with a Butter-fly, if 
the cold Seaſon would have permitted us 
Mo -'e my: le Since the writing of this 
x ſome Exſuctions of © the - v7; xxperiment, we pro- 
fir, droppddown from: the cwr'd a white Butter-Fly, 
ke of the Glaſs whereon ſhe dna en 
mas walking E Bur, that the though at firſt be fluttered 
Experiment with . the Bee 2 1d down, yet preſently, | 

| : | upon the exſubtion of the 
nght be the more inſtrufive, -;;,-'ve fell down as in « 
reconvey d in with her a bun- voor, retauning no other 
& of Flowers, which re- 9-9 then ſore little rrem- 

0 ..  bliag of the # ings. 
win'd ſuſpended by a ſtring” - 
wthe upper part of the Receiver: And 
wing provok'd the Bee, we excited her 
o flie up and down the capacity of .the 
Veſel, £i!l at length, as we deſir'd. ſhe 
lehted upon the Flowers 3- whereupon 
repreſently began to draw out the Air, 
ndobſerv'd, That rhough for ſome time 
the Bee ſeem'd to rake no notice of it, yet 
vithin awhule afcer ſhe did nor flie, bur fall 
own from rhe Flowers, withour appear - 
ng to make any ute of her Wings to help 
her ſelt.* Bur whether this tall ot the Bee, 
and the other Inſe, proceeded trom the 
mediums being coo thin for them to flie1n, 

a barely from the weakneſs, and as it were 
lwooning ot the Animals themſetves.you 
mll eaſily gather tronrthe following Ex- 


ment, lo 


Experi- 
nent 41 


. tion is fo neceflary to the Animals, that 
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O (arisfie our ſelves in ſome meaſyr 
abour.the account upon which Reſpirz: 


Nature hath 'furniſh'd- with Lungs , well 
took (being then unable to procure a 
other lively Bird, ſmall enough to be put 
into the Receiver) a Lark, one of whoſe 
Wings had been broken by a ſhot,” of 
Man that we had (ent to provide us ſome 
Birds for our Experiment ; but notwith-M 1 
ſtanding this hurt, the Lark was very « 
lively, anddid, being put into the Recei-W 
ver, divers times ſpring upin it toagood Wl { 
| 


height. The Veſlel being haſtily, but 
caretully cloſ'd, the Pump was diligently 
ply'd, and the Bird for a while appear'd 
lively enough ; but upon a greater Ex- 
ſuction of the Air, ſhe began manifeſtly 
to droop and appear fick, and very ſoon 
after was taken with as violent and irregu- 
lar Conyulfions, as are wont to be ob- 
ſerv'd in Poultry, when their heads are 
wrung off: For the Bird threw her {elt 
over and over two or three times, and dy- 
ed with her Breaſt upward , her Head 
downwards, and her Neck awry, And | 
though upon the appearing of theſe Con- 

yulſt00s | 
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qulfions, we turn'd the Stop-cock, and 
:tin the Air upon her, yer it came too 
ltez whereupon, caſting our eyes upon 
ane of thoſe accurate Dyals that go with 
; Pendulum, and were of late ingeniouſly 
grented by the Noble and Learned Hs- 
nie, we tound that the whole Tragedy 
been concluded within ten Minutes of 
n hour, part of which time had been im- 
ploy'd in cementing the Cover to the Re- 
ever, Soon after we got a Hen-ſpar- 
79w, Which being caught with Bird-lime 
rs not at all hurt z when we put her into 


the Receiver, almoſt to the top of which 


T fb: would briskly raiſe her ſelf, the Ex - 


periment being try'd with this Bird, as it 
ws with the former, ſhe ſeem'd to be 
dead within (even minutes, one of which 
yere imploy'd in cementing on the Co- 
yer: But upon the ſpeedy turning of the 
Key, the freſh Air lowing in, began flow. 
ly to revive her, ſo that after ſome pant - 
os ſhe open'd her eyes, and regain'd her 
ket, and in about a < of an hour, after 
tirearned ro make an eſcape at the top of 
the Glaſs, which had been unſtopp'd to 
letinthe freſh Air upon her : Bur the Re- 
yer being clol'd che ſecond time, ſhe 

| was 
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Fas kill'd with violent Convulfions ; 
within five Minutes from the beginning 


of the Pumping. TY 
A while after we put in a Mouſe, ney. 


ty-raken, in ſuch a Trap as had rather af- 


frighted then hurt him z vvhil'ſt he vas 
teaping up very high in the Receiver, vve 
faſten'd the Cover to it, expecting that 
an Animal uſed to live in narrow holes 


vvith very little freſh Air, vvould endure 


thevvant of it better then the lately men- 
tion'd Birds: But though, for a vyhileaf- 


rer the Pump vvas ſet avyork, he contj- 
nued leaping up as beforez.yet 'tyvas not | 
long erehe began to appear fick and gid- | 
dy, and to ſtagger, after vvhich he fell | 
dovvnas dead, but vvithout ſuchviolent } 
Convulfions as the Birds died vvith. 


_ Whereupon, haſtily curning the Key, we 
tet in ſome freſh Air upon him, by vyhich 
he recovered, after a vyhile, his ſenſes and 
his feer, but ſeem'd to continue vvezk and 


fick : But at length, grovving able to 


Skip as formerly, the Pump vvas plyed 


again for eight minutes, about the mid- | 
dle of vvhich ſpace, if not before, a very | 
little Air by a miſchance got in at the | 
Stop-cock ; and abouc tyvo minutes after | 


that, the Mouſe divers times leap'd up 


lively | 


% 
9 
Y 
| 
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"| [vely enough, though afcerabourt twomi: 


zutes-more he tell down quite dead; yer 
yith;:Convulfions far imm:lder_ thenthofe 
wherewith the two Birds expired. ' This 
Jacrity ſo little betore 'his death, andihjs 
zot dying -{ooner then at the end off the 
azhch minute, feem'd'-af{cribable ra; the 
Air (how little ſoever) that ſlipr into'the 
Receiver. For the firſt time, thoſe Cons 
niftons (that, if they had not been lud= 
taly remedied , had immediately: -dif+ 
wich'd him) ſeiſ'd. on him-1n {1x .minures 
ter the Pump began to be ſer awork. 
Theſe. Experiments ſeem'd the :more 
trange,inregard,thatduringa great partof 
thoſe few minutes the Engine could but 


conſiderably rarefie the Air (and that-eoo, 


but by degrees) and at the end of them 
there remain'd in the Receiver no incon- 
iderable quantity; as may appear by what 
we have formerly ſaid of our not being 
able to draw down W ater in a Tube.,withs 
nmuch leſs then a Foot of the bottom : 
wth which we likewiſe conſ1der'd, that by 
the exſudtion of the Air and interſpeger 
(ed Vapors, there was left in the Recet# 


rera.ſpace ſome: hundreds of times exr 


ceedin the bignets of che Animal,: 19 rex 
cethe fuligineus Steams,' from wiychy 
| TT EXP:Ialu* 
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expiration diſcharges the Lungs, anq, 
which in the other caſes hitherto known, 
may be ſuſpeted, for want of room, to 
ſtifle thoſe Animals that are cloſely pent 
up'in too narrow Receptacles. 

-.'T forgot to mention, that having cauſ'd 
theſe three Creatures to be open'd, I 
cauld, .in ſuch ſmall Bodies, diſcover lit- 
tle of what we ſought for, and what we 
might poſhbly have found in larger Ani- 
mals ; for though the Lungs of the Birds | 
appear'd very red,'and as it were inflam'd, | 
ns colour being uſual enough in the | 
Lungs of ſuch winged Creatures, deſerves | 
noti{o much our notice, as 1t does, That | 
m almoſt all the deſtru&tive Experiments } 
madetn our Engine, the Animals appear'd | 
to die with violently Convulſive Moti- | 
ons : From which, whether Phyſicians can | 
gather any thing towards the Diſcovery } 
of 'the 'Nature of Convulflive Diſtem- | 
pers; I leave to them to conlider. 

: Having proceeded thus far, though (as 
we have partly intimated already) there 
appear'd not much cauſe to doubt, but | 
that the death of the fore-mention'd Ant- | 
mals proceeded rather trom the want ot | 
Air, then that the Air was over-clogg'd | 
by the teams of their Bodies, — | 
0 | : y | 
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ly pent up in the Glaſs g yet I, that love 
not to believe any thing upon Conje- 
ures, when by a not over-difficulc Ex- 
peament I can try whether it be True or 
ao, thought it the ſateſt way to obviate 
Obje&ions,and remove Scruples, by ſhut- 
ting up another Moute as cloſe as [cond 
in the Receiver, wherein it liv'd above 
three quarters of an hour; and might pro- 
bably have done ſo much longer, had not 
a Virtyoſo of quality, who in the mean 
while chanc'd to make mea Viſit, defir'd 
to ſee whether or no the Mouſe could be 
kill'd by che exſuRtion of the ambient Air, 
whereupon we thought fit to open, for a 
little while, an intercourſe betwixt the 
Air in the Receiver, and that withour it, 
that che Moule might thereby (if it were 
needtul tor him) berefreſhd, and yer we 
did this without uncementing the Cover 
at the cop, that it might not be objeted, 
that perhaps the Veſſel was more cloſely 
ſtopp'd for the ex{uRtion of the Air then 


| before, 


The Experiment had this event, that 
after the Mouſe had liv'd ten Minutes, 
(which weaſccib'd to this, that the Pump, 


' for want of having been lacely Oyl'd, 


could move but flowly, and could nor by 
— © Fa him 
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him that manag'dit, be made to work ag 
nimbly as it was wont) at the end of that 
time hedy'd with Convulfive Fits, where. 
in he made two or three bounds intothe 
Air,' before he tell down dead. 

Nor was I content with this, but for 
Your Lordſhips further ſatisfaRion, and 
my own, I caul'd a Moufe, that was ve 


| hungry, to be ſhut in all Night, with a 


Bed.oft Paper tor him to reſt upon : And 
to be ſure that the Receiver was well | 
cio{'d, I cauſ'd ſome Air to be drawn out | 
of ic,” wheteby, "perceiving that there | 
was no ſenſible leak, I preſently re-ad- | 
mitted the Airat the Stop-cock, leſt the 
want of it ſhould harm the lircle Animal z 
and then I cauſ'd the Engine to be kept | 
all Night by the Fire ſide, to keep him 
from being deſtroy'd by the immoderate 
cold of rhe Froſty Night. And thiscare 
{ucceeded ſo well, that thenext Morning 
I tound that the Mouſe not onely was a- 
live, but had devour'da good part of the 
Cheeſe that had been put in with him. And 
having thus kept him alive full twelve 
hours, or better, wedid, by ſucking out 
partof the Air, bring him to droop, and 
co appear ſ{well'd ; and by letting in the 
Air again; -we ſoon reduc'd him to his tot- 
mer liveligeſs, - W_ 
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A Digreſs10n containing ſome 
Doubts touching Refþi. 


2”: rain. 


+ 
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Fear Your Lordſhip will now expe, 
[ that co theſe Experiments I ſhould add 

my Refleions on them, and attempr, 
by their afliſtance, to reſolve the Difh- 
culties that occur about Reſpiration; ſince 
x the beginning I acknowledg'd a turther 
Enquiry into the Nature of that, to have 
been my Deſign in the related Tryals. 


Bur I have yer, becauſe of the inconve- + . 


nient. Seaſon of the Year, made-ſo few 
Experiments, and haye beenſo little fa- 
tisfied by thoſe I have been able to make, 
that they have hitherto made Reſpiration 
appear to me rather a more, then a leſs 
Myſterious thing, then it did before, But 
yet, {ince they have furniſh'd me with 
ſome ſuch new Conſiderations, concern- 
ng the uſe of the Air, as confirms me in 
my Diffidence of the Truth ot .what 1s 
commonly believ'd rouching that marter; 
That I may not appear ſullen or lazy, 1 
am content not to decline employing a 

| + 9 few 
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few hours in ſetting down m y Doubts, is 
0 


preſenting Your Lordihip 
and in conſidering whether the 'Tryals 
made in our Engine, will at leaſt aſſiſt us 
to diſcover wherein the Deficiency lies 
that needs to be {upply'd. 

And this, My Lord, being all my pre 


ſent Deſign, I ſuppoſe You will notex, | 


pe that (as if You knew not,or hadtor- 
gotten what Anatomiſts are wont to 


reach) T ſhould entertain You with aneed- | 
leſs Diſcourſe of the Organs of Reſpira- | 
tion, and the variety of their Strucurein | 


ſeveral Animals; though if it werene- 


ceſlary, and had not been perform'd by 0+ | 
;-2 rm # thers, Iſhould think, with Galen, thatby | 
** treating of the Fabricks of living Bodies, | 


I might compoſe Hymns to the wiſe Au- 
thor of Nature, who.in the excellent con- 


 trivance of the Lungs, and other parts of | 


(thoſe admirable Engines) Animals, ma- 
_ nifeſts himſelf to be indeed what the Elo- 
quent Prophet moſt juſtly ſpeaks him, 


Ifa-28. 29. Wonderful in Councel, and excellent in 


working. | 
Nor thall we any further meddle with 
thofe Controverſies ſa much agitated a- 
mong the Moderns, namely, Whether the 
motion of the Lunes in Reſpiration be their 
owns 


me Hints, 
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wn, 07 but conſequent to the motion of th6 

Thorax, Diaphragme, and (as ſome Learn*- 

ed Men would have it)1he Abdomen; And, 

whence 1t & that the Air ſwells the Lunes 

in Inſpiratzon, any turther then they \may 

receive light from onr Engine : But that 

t may appear what kinde of ſ(ervice1t is 

chat may be expected from ir on this oC- 

ation, we muſt premiſe a few Words to 
hew wherein the ſtrengrh of che Objet 
tion we ere to anſwer, lies : In favor then 

of thoſe: that would have the Lungs ra» 
ter paſſive then active in the buſineſs of 
Reſpiration, it may againſt che common 
opinion be alledg'd, That as the Lungs be- 
jog deſtitute of Muſcles and of Fibres, 
zeunfit to. dilate themſelves, ſo it ap- 

pears, that without the: motion of the 
Thorax they would not befill'd with Airs 
Since as our Learned Friend Dr. High- 
more has well (and congruouſly, to whit 
our ſelves have purpoſely try'd) : ob» 
ferv'd, if a live Dog have a great wound 
made in his. Cheſt, the Lobes of the 
Lungs on that fide of the: <Aedianſſt* 
2m will ſubſide and be ſtill; the Tui 
rax and the Lobes on the other fide 
of the «AMediaſtinum, 'continuing their 
tormer motion, And if ſuddenly ar bn 
the 
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the *Muſcles of: the: Cheſt be on both 
fidesdifſeted; upon:.the Ingreſs-of the 
Air, the whole Eangs;though untouch'd, 
willremain moyeleſs,ar leaſt,as to any ex- 
panſton or contraftion of their tubſtance, 
: To which we may adde the Obſervati- 
on.of the diligent Bartholinas, who af- 


firms. the like of the Diaphragme al- | 


ſo,''\namely, Tharit being wounded, the 


Longs will fall 'rogether, and theReſpi- 


ration ceaſe,. which.my Experiments op- 
pole not, provided the Wound'be-any 


thing great. And indeed the Di1aphbragme | 
ſeems the principal Inſtrument of. ordina- | 
ry-and gentle: Refpiration, although to | 
reſtrain'd Reſpiration (if I may fo call | 
tr): the intercoſtal:Muſcles, and perhaps | 
{ome others maybe allowed eminently to |} 
concur. | But the chief of the Contro- | 
verſies formerly pointed at, is not yet de- | 
cided, namely; what it is that conveys the | 
Air into the Lungs: For when; -to coun- | 
terballance all that has been alledg'd,thole | 


chat plead for the Lungs, demarid.what 1t 
!s -pnac ſhould: bring the Air: into the 
Lungs. it- themſelves do nor atcradt it, 
their Antagoniſts:diſagree about the Re- 
ply:: For when ro chis queſtion ſome of 
the beſt Modern ny or > 

; : enal 
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h | that: by /the dilatarioniaf; the Cheſb:the 

ef contiguous Air is thruſt: away,: and hit 

preſſing. upon the: next-Air to it,cand fo 

onwards, the Propulfion.is continued:tl 

the Air be drivenineo the Lungs, andſo 

dlate them : When. thus (I {ay)-i5s:an- 
ſmered, it is Objected even by Bartboiane 

- & timfelf;; as aconvincmmg Reply, thatzac- 

© cording to this Dodtringa Man could got 
Tf fetch his Breath from agreat-Veſlel full of 
Air,: with a ſlender -Neck;::becanſe} that 
when his Mouth covets the Orifice ofthe 
Neck; the dilatatiompt his Thorax could 
xt propell the Air it»the Veſſel into: his 
Lungs, :by: reaſon of: .its; being .(Epardted 
by che: tncloſing Veſltl4rom the 'ambienc 
Airy:and yet, fay they, Experience wit- 
neſſes that out of fuch aVeſtela Man:may 
ſuck:Air.; But ot thisidifhaculty our Engine 
furaiſhes us with an: eafie Solution, {tact 
many ofthe farmen Experimentghave aad- 
nifeſted; Thar in the cafe propoſed; there 
needs -not be made-any; (thought tis true 
that igoxdinary Reſpiration there t5:3yQnC 
to be made ſome)propulſion of tbefAtnby 
the (welling Thorax or Abdomen ntoahe 
Lungs; _ Gnce uponthe bare Dilatationof 
the Thorax, the: Spring of thatnrernal 


Air, or halituqus {abBance that 45-went 
WES ; to 


2 
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eo poſſeſs as muctof' the Cavity of the 
Cheſtas the Lnnbsfill not up, being much 
weaken'd , the/external and contiguous 
Air muſt neceflarily'ipreſs in at the open 
Winde: Pipe into: the: Lungs, 2s finding 
there leſs reſiſtance then any: where elſe a- 
bourit.: ' 3 031-2 EPR 
- And hence (by the:way)we may derive 
2 new:afhiftance ro:judge: of that famous 
Controverſie difputedamong Narrraliſts 
and Phyfitians.,-ever-fince. Galens time, 
ſome maintaining that the Chelt,with the 
contained Lungs, may be reſemblettoa | 
air-of: Bellows, 'which comes.therefore | 
to'/befilld becauſeiit:was dilated: Ando- | 


thers: pleading' to: have the compariſon 


made toa Bladder, : which is therefore di- 
lated becauſe it is fill'd, For as tothe 
_ Thorax, 'it ſeems evident. from what has | 

been lately ſaid, thar ic, like a pair of Bel- 
lows, happens to be partly fill'd with Air, 
bur becauſe it'was dilated : Bur as for the 
Lungs themſelves, who want Fibres to 
diſtend them, ' they. may fitly enough be 
| compar'd toa Bladder.z fince they are di- 
lated by being b1t'd, namely, by that Air 
which ruſhes into them upon the dilaration 
of the Cheſt, in whole increaſed Cavity 
it findes (as we freſhly noted) leſs refilt- 
| ance 
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neto' its Spring then elſewhere,'' And 

his brings into my minde that ſtrange 
Obſervation of Nicolaus Font ens, a Phy - 

(tian at Amſterdam, who teſtifies, T hat Fontanus 


apud Bare 


n2 Boy oof the ſame Town, four years tin: 1ib, 


old, there was found, inſtead of Lungs, a «cap. 5. 
certain Membranous Bladder s which be- 

mg f1ld with Wind, and furniſh'd with 

Ittle Veins, hadits origination from the 
Wind-Pipe it ſelf ; which being ſuppoſ'd 

me, how well it will agree with moſt of 

the Opinions touching Reſpiration,l leave 

obe confidered. 


And thus may the grand ObjeRion of 
tartholine, and others, be anſwered : But 
[leave to Anatomiſts to conſider whar is 
to be ſaid to ſome Obſervations that ſeem 
to contradi thoſe Anatomical Experi- 
ments already mention'd : Such was par- 
ticularly thac which I remember I have 
read in Sennertzs (from the obſervation of 
his Father- in-law Schato) of a Melancho- 
ly Student, who having ſtabb'd himſelf, 
and pierced the Diaphragme in the thinner 
_ or tendonous part (call'd by many the 
Nervous Circle)lived ſeven Monettis af» 
ter he had ſo wounded himſelf, though af- 


ter his death (preceded by violent Vomit- 
logs) 


vw. Þ 
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ings) the Wourid (perchance' dilated by 
choſeftrainings )-:appear'd fo great; that 
the whole Stomickwas found to have gor 
in by it -into the lefe ſtde of the. Thorax 
And ſuch alſo was' the accident that hap- 
pen'd to a Noble Man, .whom I remem- 
ber I have ſeen, and who 1s yetalive, in 
whoſe Cheſt there has, for theſe many 
years;:remain'd a hole ſo great, that the 
motion.of his Heart may be perceiy'd by 
it. : Theſe(I ſay) and.ſome other Obſer- 
wvations, I ſhall now torbear to infiſt on, 
becauſe I hold it not unfit, before we 
come to conſider the uſe of Reſpiration, 
-that we acquaint Your Lordſhip with an } 
Ingenious ConjeEture, that was made at 

-the cauſe of the baſty. death of the Ani- 
mals our Engine kill'd : namely, That it 
was not the want: of Air chat deſtroy'd 
chem, but the Preflure of the innate Air 

. 1n the cavity of. the Cheſt; as if the 
Spring of this Air being no longer coun- 
cerballanc'd by the ambient Air,wasthere- | 
by 'become ſo ſtrong, that it kept the | 

ns. Thor ax forcibly diſtended,and hinder'd its 

wonted contraQion'; and ſo compreſſ'd 
the-Enngs and their. Veſlels,as to obſtrut 
the Circulation of the Blood, _ thus 

SET FR . Cone 
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ConjeRure,' 25 it is ſpecious enough, ſol 
night have admirted ir for true z bur that 
[conſider'd, that (not to mention that 
one, eſpecially ot the Animals kill'd in 
gr Engine, {eem'd manifeſtly for a pret- 
ywhile, and not long before he «= ro 
nove his Thorax, 4s if he exerciſ* &Reſpi- 
nition) the diligent Wale relates, That 
te divers times obſery'd, in the DiſleQi- 


0a of live Bodies, - that the Membrane 


that tnveſts the Lungs, had Pores in it 
8big as the larger ſort of Peas, which a- 
nes with the Obſervations of Chyrur- 
tions and Phyſicians, viz. That matrer 
collected in the Thorax,has penetrated in- 
to the Lungs, and been diſcharged by 
coughing. And I remember coo, thar moſt 
of the Animals we kill'd in our Engine 
rere Birds, of whole Lungs Harvey 
ſomewhere informs us, That he ob- 
lry'd them very manifeſtly to open at 
theit Extremities into the Abdomen. 
And by ſuch Perforations we may well 
uppoſethe paſſage free betwixt the exter- 
nl Airahd that inthe Abdomen: Bur this 
Conjecture may- be further coniicers; 
Belides; to ſhow that the Animais thar 
dedin dur Glaſſes ;-need nor be ſupvoltd 


TY 
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to have been kill'd by the want of Air, we 
foreſee another Argument that we myp 
deal ſo ingeniouſly with Your Lordſhip 
as not to conceal. You very well knoy, 
chat beſides the generality of the 


Schools,there are many new Philoſopher 


who,. though they diſſent trom the ol4 
Peripateticks in other things, do, as they, 
deny the poſſibility of a Yacuam, and 
hold, that thoſe ſpaces which are deyoid 
of Air, and other groſfler Bodies, are al 
of them exaQly repleniſhed with a certain 
Etherial Matter, ſo thin and ſubtle, that 
it can freely permeate the Pores of the 
compactedit and cloſeſt Bodies, andev'n 
of Glaſs it ſelf. Now ſome of thoſe Nz 


turaliſts chat are of this perſwaſion may | 


objet, That the Animals that died in our 


Receivers, did ſo, not ſo much for lack of 
_ Air, as by reaſon that the Air thatws | 


pump'd out was neceſlarily ſucceeded by 
an Etherial Subſtance; which conſiſting ot 


parts vehemently __— and ſo very 
1 


{mall, as withour reſiſtance to paſs in and 
out through the very Pores of Glaſs it 
may well be ſuppoſ'd, that e conſiderable 
quantity of this reſtleſs and ſubtle Mat- 
ter, meeting together in the Receiver : 
wit 
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nith the exceſſive heat--of ir, may -be 
quickly able to deſtroy alittle Animal, or 
atleaſt, make the Air 'too intemperately: 
hotro' be fit for Reſpiration. | 
But though this be a Difficulty not ſo 
ally to be reſolv'd withoac the aſſiſtance 
of our Engine, yet I ſuppoſe we have al- 
ready an{wer'd the ObjeRion by our 384 
nd 39* Experiments y, which though we 
made partly for other purpoſes, yet we 
remiſ*d them onely to clear up the dith- 
aulty propol'd. | 
Another ſuſpition we ſhould have en- 

atain'd concerning the death of our Ani- 
- mals, namely, That upon the ſudden re. 
moval of the wonted 'preſſure of che am- 
bient Air, the warm Blood of thoſe Ant- 
mals was brought to- an Efferveſcence or 
Ebullition, or at leaſt ſo vehemently ex- 
panded, .as to diſturb rhe Circulation of 
the Blood, and ſo diſorder the whole Oe-. 
conomy of the Body. (This (I ſay) L 
ſhould have had ſome ſuſpirtion of) bur 
that Animals of a hoc Conſticution are 
not the ſole ones that cannot in ourex- 
bauſted Engine exerciſe. the Function of 
Life. But I muſt not now dwell upon 
matters of this nature, becauſe I think 
it high cime to proceed ro the confideratt- 
on 
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on of: the principal ſubje of onr Engine, 
namely, The uſe of Reſpiration; -or ra. 
ther, Theuſe of-;the Air in Reſpiration, 
For whereas of xhe divers uſes of -itmen. 
tiord-by Anatamiſts: the moſt, ſuch as 
the Production and. Modulation - of the 
Voce by the Ehtoniof: the Air, the La- 
rypx -&c.- the expulſion of Excrements 


by Coughing,the conveying in of Odours | 


by Inſpiration; -and ſome others, rather 
convenient for the well being of an Ani- 


mal, then abſolutely neceſlary to his Life: | 
Whereas (I ſay) the other uſes are ſuch as | 
we have (aid, Thegreat - 7% him- | 


{elf :gives this notable Teſtimony to the 


uſe of. the Air,''as ito Animals eadow'd 


with Lungs, Mortalibzs ((ays he) hic(ſpi- 
ritus)twm wite, tum morborum &2r01s cau- 
ſa eſt. + Tantdque corporibus omnibus ſpi- 
rirusaneſt neceſSitas, ut ſiquidens alits ow- 
nrb14567 cibss & pottionibus, quis abſtineat, 
dues tame aut trrs,vel plures dies poſoit vi- 
tam aucere: At ſi ques ſpiritus-in corpus 
viesentercipiat, vel exigus diei parte, ho- 
mini pereundum ſit z Adeo neceſſariws ef 
nſres ſpiritiis in corpore. Ad hac quot 
quum omnibns alits att tonibut homines.qu 
eſcant, quod mutationibus innumers vits 
 ſnrxpeſita, ab hac tamen ſola attione nun- 

ig 2. w | qua ” 
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quam deſiftant animantia,quin aut ſpiritumnt 
adducant, aut reddant. = | 

But touching the account upon which 
the Inſpiration and Exſpiration of Air 
(both which are comprehendedin «verve, 
Reſpiration) 1s {o neceſſary to Life, both 
Naturaliſts and Phyſitians do ſo diſagree, 
that it will be very difficult either to re- 
concile their Opinions,or determine their 
Controverſies. 

For firſt, Many there are who think 
the chief (if not ſole) uſe of Reſpiration 
tobe the Cooling and tempering of that 
Heat in the Heart and Blood, which other- 
wiſe would be immoderate: And this O- 
pinion, not onely ſeems to be moſt recei- 
vedamoneſt Scholaſtick Writers, but di- 
rers of the new Philoſophers, Carteſtans, 
:nd others, admitted with ſome variations 
teaching, That the Air is neceflary, by its 
coldneſs, to condenle the Blood that paſ- 
ſes out of the right Ventricle of the 
Heart into the Lungs, that thereby it may 
obtafn ſuch a conſiſtence, as is requiſite 
tomake it fit Fewel for the vical Fire or 
Flame, inthe letc Ventricle of the heart. 
Andthis Opinion ſeems tavor'd by this, 
That Fiſhes, and other cold Creatures, 
Whoſe Hearts have bur one cavity, are al- 
f4 {0 
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fo unprovided of Lungs, and by ſomeo- || p 
ther conſiderations. Burt though ir need || & 
« 


not be deny'd, that the inſpir'd Air may 
ſometimes be of ule by retrigerating the 


Heart; yet(againſt the Opinion that makes I hi 
this Refrigeration, the moſt genuine and I «« 
conſtant uſe of the Air) 1t may be Obje-*| q 
&ed, Thar divers cold Creatures (ſome I in 
of which, as particularly Frogs, live'in MW H 
the Water) have yet need of Reſpiration, W þ 
which ſeems not likely to be needed for MI 0 
Refrigeration by them that are deſtitureot MI i? 


any ſenſible heat, and beſides, livein the I « 
cold Water: That even decrepid old FF th 
Men, whoſe natural heat is made very I e 
languid, and almoſt exringuith'd by rea- I ;z: 
ſon of age, have yet a neceſſity of tre- Y] y 
quent Reſpiration : That a temperate Air TY v 
1s farteſt for the generality of breathing I & 
Creatures ; and as an Air too hor, ſoa- 

{oan Air too cold, may be inconvenient WY h; 
for them (eſpecially, it they be croubled © in 
with an immoderate degree of the lame (] & 
Quality which is predominant inthe'Air:) Y tt 
That in {ome Dileaſes the natural heat 5s I g 
ſo weaken'd, that in caſe the uſe of Reipi- ©] & 
ration were to. cool, it-would be more 
hurtful chen beneficial co-breath s andche Þ n 
ſuſpending of rhe Reſpiration, may _ | 

- P'Y Y: 
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| ply the place of thoſe very hot Medicines 
that are wont to be employ'd 1n ſuch Di- 
tempers : That Nature might much bets 
terhave given the Heart bur a moderatg 
heat, then ſuchan exceſſive one, as needs 
to be perpetually cool'd, to keep it tron 
rowing deſtructive ; which the, gentle, 
1ad not the burning: heat of an Animals 
Heart, ſeems not intenſe enough ſo ind1- 
ſpenſably to require. Theſe, and other 
0bjections, might be oppoſl'd, and prefl'd 
painſt the recited Opinion : Bur we (hall 
wt inſiſt 'on them, bur onely adde to 
them, That it appears not by our fore- 
coing Experiments (I wean the 38% and 
39*) that in our exhauſted Receiver , 
where yer Animals die ſo ſuddenly for 
want of Reſpiration, the ambient Body is 
ſenſibly hotter then the common Aire. 

- Other Learned Men there are, who will 
have the very ſubſtance of the Air to get 
nby the Vefſlels of the. Lungs, to the 
left Ventricle of the Heart, not onely t@ 
temper its heat, but to provide for the 
generation of Spirits. And theſe alledge 
tor themſelves the Authoriry of the An: 
tleats, among whom Hippocrates {eems 
manifeſtly to favor their Opinion ; and 
both Ariſtotle and Galen do ſometimes 
#2 (for 
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[for methinks they ſpeak doubtfully e: 
nough) appear inclinable toit. But for 
ought ever I could ſeein DiſleCions, iris 


very difficult to make our, how the Airig 


convey'd into the left Ventricle of the 
Heart, eſpecially the Syſfole and Diaſtole 
of the Heart and Lungs, being very far 
from being Synchronical : Beltdes, char 


the Spirits ſeeming to be but the moſt. 


ſubtle and unctuous Particles of the 

Blood, appear to be of a very differing 
Nature from that of the lean and incom- 
buſtible Corpulcles of Air. Other Ob. 


jefions againſt this Opinion have been | 
propoſ'd, and preſt by that excellent Ana- | 
tomiſt, and my Induſtrious Friend, Dr, | 
Highmore, to whom I ſhall thereforerefer 


Ws | 

_ Another Opinion there is touching Re- 
ſpiration, - which makes the genuine uſe of 
it to be Ventilation (not of the Heart, 
but) of the Blood, in its paſſage thorow 


the Lungs; in which p3ſſage, it is diſ- 


burthened of thoſe Excrementitious 
Steams, proceeding, for the moſt part, 


from the ſuperfluous Serofities of - the | 


Blood, (we may adde) and of the Chyit 
too, which (by thoſe new Conduits' of 
late very happily detected by the famous 

_ peeguet) 


- 
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Pecquet) hath been newly mix'd with it iti 
che Heart.) And this Opinion is that of 
the Induſtrious £/ #bins, and is ſaid to 
have been that of that excellent Philoſo- 
pher Gaſſenazs ;, and hath been in part an 
Opinion almoſt vuigar : But this Hypo- 
theſis may be explicated two ways: For 
hilt, The neceſiity of the Air in Reſpi- 
ration, may be fuppoſ['d to proceed from 
hence; That as a Flame cannot long burn 
in 2 narrow and cloſe place, becauſe the 
Fuliginous Steams it unceſſantly throws 
out, cannot be long receiv'd into the ame 
bient Bocy ; which after a while growing” 
too full of them, to admit any more, ſti- 
fes the flame, ſo that the vital Fire inthe 
Heart. requires an ambient Body, of a 
yielding nature, to receive into it the ſu- 
perfluous Seroſities andother Recrements 
of the Blood, whoſe ſeaſonable Expulli- 
on is requiſite to depurate the Maſs ot 
Blood, and make it fit both ro Circulate, 
and to maintain the vital heat reſiding in 
the Heart, The other ivay of explicating 
the above-mention'd Hypotheſis , is, by 
{uppoſing, that the Air does not onely, as 
aReceprtacle,admit into its Pores the Ex- 
crementitious vapors of the Blood, when 
They are expel'd through the Wind-Pipe, 
| 1 but 
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but does alſo convey them out of the 


Lungs, in regard that the infpired Air, 


reaching to all the enas of tlie Aſpera Ar. 
terta, does there aſſociate it ſelt with the 
Exhalations of the circulating Blood,and 
when'tis exploded,carrys them away with 
it ſelt,as we ſee that winds ſpeedily dry up 
the ſurfaces of wet Bodies, not to ſay any 
thing of what we formerly oblervd touch. 
ing ourLiquor, whoſe fumes were ſtrange. 
ly elevated upon the Ingreſs of the Air, 
Now of theſe two ways of explicating 
the uſe of Reſpiration, our "Engine af- 
fords us this Objection againſt the firſt; 
Thac upon the Extuction of the Air, the 
Animals die a great deal ſooner then if it 
were left in the Veſſel ; though by that 
ExſuRion the ambient ſpace is left much 
more tree to receive the ſteams that areel- 
ther breathed out of the Lungs of the 
Animal, or diſcharg'd by inſenfible Tran- 
ſpiration through the Pores of his 


Skin, 


But if the Hypotheſis propoſ'd, be taken 
1a the other {enſe, it ſeems congruous e- 
nough to that grand obſervation, which 
partly the Phenomena of our Engine, and 
partly che relations of Travellers, bave 


fuggeſted to us, namely, That there's 4 
: _ certain 
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certaincogliſtence of Air requiſiteto Re- 
ſpirationz Y that it ir be toothick, and 
already over-charged with vapors, it will 
be unfit to unite with, and carry off thoſe 
of the Blood, as Water will diſſolye,and 
alociate to it ſelf bur a certain proportion 
of (aline Corpuſcles; and if it be too 
 thinor rarefied, the number or fize of the 
Atrial Particles is too ſmall to beable to 
alume and carry oft the halituqus Excre- 
meats of the Blood, in ſuch plenty as is 
requiſite, 

Now that Air too mock thicken'd(and 
25 it wereclogg'd) with Steams, is unfic 
for Reſpiration, may appear by what 1s 
wont to happen in the Lead- Mines of De- 
vonſhire, (and, for ought I know, in thoſe 
' too of other Countrys, though I have 
ſeen Mines where no ſuch thing was com- 
plain'd of) for I have been inform'd by 
more then one credible Perſon (and paiti- 
cularly by an Ingenious Man, that has of- 
ten, for curioſity, digg'd inthole Mines, 
and been im ploy'd about them) thac there 
oitenrifes Damps, as retaining the Ger- 
mane Word by which” they call them) 
which does ſo thicken the Atr, that unleſs 
the Work-men ſpeedily make ſigns to 


them thar are above, they would (which 
L 4 __alla 
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alſo ſometimes happens ) be preſently 
ſtifled for want of Breath z and though 
their Companions do make haſte to dra 


them up, yet frequently, by that time 


they come to the free Air, they are, as ir | 


were, in a {woon, and are a good while he- 
fore they come to themſelves again. And 
that this ſ\wooning ſeems not to proceed 
trom any Arſenical or Poyſonous Exhala- 
tion contain'd in the Damp, as from its 
over-much condenſing the Air,{eems pro- 
bable from lence ; That the ſame Damps 
oftentimes leiſurely extinguiſh the flames 
of their Candles or Lamps; and from 


hence alſo that ir appears (by many Rela. 


tions of Authentical Authors) that'in 
thoſe Cellars where great ſtore of new 
Wine is {et to work, men have been luffo- 
cated by the toogreat plenty of the ſteams 
exhaling from the Muſt, and too much 
thickning the Air: as may be gathered 
from the cuſtom that is now uſed in ſome 
hot Countrys, where thoſe that have 0c- 
cation to gointo ſuch Cellars, carry with 
them a quantity of well kindled Coals, 
which they hold riear their Faces ; where- 
by ic comes to paſs, that the Fire diſcuſ- 
ſing the Fumes, andrarefying the Air re- 
Cuces the ambient Body toa conliftence fit 
for Reſpiration, | We 
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We wll adde (by way of confirmati- 
on) the following Experiment: In ſuch a 
ſmall Receiver,as thoſe wherein we kill'd 
divers Birds, we carefully clo('d up one, 
who, thoughtor a quarter of an hour he 
ſeem'd not much prejudiced by the cloſe- 
neſs of his Priſon, atterwards began firſt 
to pant very vehemenrtly,and keep his Bill 

yery open, and then to appear very fick ; 
2nd laſt ofall, after ſome long and violent 
ſtrainings,to caſt up ſome little matter out 
of his Stomack : which he did ſeveral . 
times, till growing ſo ſick, that he ſtag- 
zer'dand gaſp'd,as being juſt ready to dies 
F ve perceivd, that within about three 
F* quarters of an hour from the time thar he 
was put in, he had ſo thickned and tainted 
the Air with the Steams of his Body, that 
. it was become altogether unfit tor the 
uſe of Reſpiration : Which he will nor 
much wonder at, who has taken notice 
In SantForins his Statica Medicina, how 
much that part of our Aliments, which 
goes off by inſenfible Tranſpiration, ex- 
ceeds in weightall the viſible and groſſer 
Excrements both ſolid and liquid. 
Thar(on the other ſide)an Air too much 
Wated is not ſerviceable for the ends of 
ESR 7 Reſpt- 


Reſpiration, the haſty death of the Ani 
mal we kill 'd in our exhauſted Receiver, 


ſeems ſufficiently to manifeſt, And it may 


not irrationally be doubted, whether or 
no, if a Man were raiſ'd to the very top 
of the Atmoſphere, he would be ableto 
live many minutes, and would not quick. 
ly dye for want of ſuch Air as we are 
wont to breath here below. And that 
this Conjecture may not appear extraya- 
gant, I ſhall on this occaſion ſubjoyn a 


"memorable Relation that I have met with 
in the Learned Foſephus Acoſta, who | 
tells us, That when he himſelf paſt che | 
high Mountains of Pers, (which they call | 
Pariecaca) to which, he ſays, That the | 
Alps themſelves ſeem'd to them but as | 


ordinary Houſes, in regard of high Tow- 


_ ers, heend his Companions were ſurpri- 


ſed with ſuch extream Pangs of Straining 
and Vomiting, (not without caſting up 


Blood too) and with ſo violent a Diſtem- | 


per, that he concludes he ſhould undoubt- 
edly havedyed, but that this laſted not a- 
bove three or four hours, before they 
came into 4 more convenient and-natural 


. temperature of Air: To which our Learn- 


ed Author addes an Inference, which be- 
10g the principal thing I deſign'd. in men- 
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toning, the Narrative I ſhall ſet down ig 
his own Words : 1 therefore (ſays he) per- 
ade my ſelf, That the Element of the Air 
y there [o ſubtle and delicate, as it is not 
rroportionable with the breathing of Man, 
which requires a more g70ſ and temperate 
fir; and 1 believe it « the cauſe that doth. 
ſomuch alter the Stomack, and trouble all 
the Drſpoſetion, Thus far our Author, 
whoſe Words I mention, that we may 
cheſs by what happens ſomewhat near the 
Confines of the Acmoſphere (though 
probably far from the ſurface of it) what 
yould happen beyond the Armoſphere. 
That whith ſome of thoſe that trear of the 
height of Mountains, relate ont of Ari-' 
fatle, namely, That thoſe that aſcend to 
_ the top of the Mountain Ofympas, could 
pot keep themſelves alive, without car- 
rying with them wet Spunges, by whoſe 
 aſiſtance they could reſpirein that Air, 0- 
therwiſe too thin for Reſpiration: (That 
Relation (I ſay) concerning this Moun- 
tain) would much confirm what has been 
newly recited our of Acoſta, if we had 
ſufticient reaſon to belive it : But, I con- 
feſs, I am very diffident of the truth of it 5 
partly becauſe when I paſl'd the Alps, I 
took notice of no notible change betw! ”, 
mo cnc 


(| 
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theconſiſtence of the Acr at the top and 
at the bottom of the Mountam, partly 
becauite of a very punctual relation made 
by an Engliſh Gentleman, of his aicenſi- 
on to the top of the Pike of Tearsff 
[which is by great odds higher then Olym- 
Þ:4) 1 finde no mention of any ſuch ait- 
ficulty of breathing ; and partly allo be- | 
Faule the {ame Author tells us out of 4- 
riſtotle, That upon the top of olympus 
+ hs, there is no motion of the Air,. iniomuch, 
—- that Letters traced upon the duſt, have 
been, after many years, tound legible,an] | 
not diſcompol'd ; whereas that Inquitt- 
tive Baſbequizs (who was Amvaſlador } 
_ * from the German to the Turkiſh Em- | 
©/3..3- peror) in one of his Eloquent Epiſtles, | 
tells us, upon his own knowledge, That | 
Olvmpus may be ſeen from Conſtantino- 8 
ple, blanch'd ith perpetual Snow ; which 
ſeems to argue, That the top of that, as 
well as of divers other tall Hills, is not a- 
 bove that Region of the Air wherein Me- 
zeors are formed. Though otherwiſe, in 
that memorable Narrative which David 


E:2lichius 


apud 1a. Frelichius, made of his aſcent to the top 


ren: Geo- of the prodigiouſly high Hungarian 
{. 1. c:p, Mountain Carpathas : he tells us , That 


19. when, having paſſ d throueh wery thick 
h - : Clouds 3 
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Plouds, he came to the wery top of the Hil, 
he found the CAtir ſocalmand ſubtle, that 
got 4 hair of his head moved, whereas inthe 
hiwer Stages of the Mountain he felt a we- 
lkement Wind, But this might well be 
alual, 'as'was his, having a clear Air 
whete "he was, though there were 
Clouds',: 'not onely beneath him, but 
tbove hum. - | . 


v5 & Sis 


. But (though what has been hither- 
to diſcourſfd , incline us to look up- 
en the Ventilation aad Depuration. of 
the Blood, as one of the principal and 
conſtatt .-uſes- of -Refpiration'; yet ) 
methiriks- it may be ſuſpected thar the 
Air-- does {ſomething ' more then bare- 
ly "help -co carry off what is thrown 
out 'of the Blood in its paſſage through 
the-Lungs, from the right Veatricle 
of 'the "Heart ro thelefr. For we ſee, 
in Phlegmatick Conſtitutions and Diſ- 
eaſes, that the Blood will circulate to- 
krably: well, notwithſtanding its being 
exceſſively ſerous: And in Aſthmartical 
Perſons, we often fee, that though the 
Lungs be: very much ſtuf's with tough 
Phlegm;-yer the Patient may live ſome 
Mongths, if not ſome Years. S9' that 
| : It 
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it ſeems ſcarce probable, that either the | þ 
want of throwing out the ſuperfluous Sea | v 
rams of the Blood for a few Moments, or Þ | 
the detaining it, during ſo ſhort a while,in Of 
the Lungs, ſhould be able ro kill a per- } 1 
fetly ſound and lively Animal : Ifay, for I : 
a few moments, becauſe, that having di. I 
vers Limes try'd the Experiment of killing | 
Birds in a {mall Receiver, we commonly MY 
found, that within half a minute of an 
hour, or thereabouts, the Bird would be M- 
ſurpriſd by mortal Convulſions,and with: | 
in about a minute more would/be ſtark | 
dead, beyond the Recovery of the Air, | 
chough never ſo haſtily lec in, -Which # 
ſort of Experiments ſeem fo ftrange, that * 
 wewere oblig'd co make it ſeveral times, # 
which gain'd it the: Advantage of having 
Perſons of differing Qualities, ' Proteſh- # 
ons and Sexes, (as. got onely Ladies.and | 
Lords, buc Doctors and Mathematicians) 
to witneſs it. And'to ſatisfie Your Lord- | 
ſhip, that it was not. the narrawnels ofthe |} 
Vellel, but the ſudden Exſuctionof the ! 
Air thar diſpatch'd theſe Creatures 10 

ſoon; we will adde, That we once inclo['d 

one of, theſs-Pirds in one of. theſe ſmall 

Receivers, where, for a while, -he was 10 

lictle ſenſible of kis Imprifonmenr, that 

ſo 
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o | fe eat very chearfully - certain Seeds that 
-a © weconvey'd in with him, and not onely 
r Þ& livdten minutes, bur had probably liv'd 
a & much longer, had nor agreat Perſon, that 
was SpeQtator of ſome of theſe Experi- 
nents, reſcu'd him from the proſecuti 
ofthe Tryal. Another Bird being with- 
n about halt a minute, caſt into violence 
Convulſtons, and reducdinto a ſprawling 
condition, upon the ExfuRtion of the Air, 
bythe picty of ſome Fair Lady's (related 
v Your Lordihip) who made me haſtily 
ktin ſome Air at the Stop-cock , the 
2ping Animal was preſently recover'd, 
ad in a condition to enjoy the benefit of 
the Lady's -Compaſſon. . And another 
F time alſo, being reſolv'd not to be inter» 
J rptedinour Experiment,we did,at night; 
ſhuc-up a Bird in one of our ſmall Recei- 
rears, and obſerv'd, that for a good while 
he ſo lictle felt the alceration of the Air 
that he tell afleep with his head under his 
wings and though he afterwards awak'd 
lick, yer be concinu'd upon his legs be- 
tween torty minutes and three quarters of 
an hour ; atter which, ſeeming ready to 
expire, we took him out, and ſoon tound 
J tim able to make uſe of the liberty we 
J gzvehimfor acompenlation of his —_ 
x 1025s, l 
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Tf to the foregoing Inſtances of the 
ſadden deſtruction of Animals, by the re- 
moval of the ambient Air, we ſhould now 
annex ſome, that we think fitter to re- 
ſerve till anon; perhaps Your Lord(hip 
would ſuſpect, with me, that there is ſome 
uſe of the Air, which we do not yet fo 
well underſtand, that makes it fo conti- 
nually needful to the Life of Animals, 
Paracelſus indeed tells us, That as the Sro- 
mack concotts Meat, and makes part of 
it uſeful to the Body,rejetting the other part, 
ſo the Lungs conſume part of the Air, and 
proſcribes the reſt. So that according to | 
our Hermetick Philoſopher(as his follow- ' 
ers would have him ſtil'd) ic ſeems we may | 
ſuppoſe, that there is in the Air a little 
vital Quinteſlence (if I may ſo call it) 
which ſerves to the refreſhment and re- 
ſtauration of our vital Spirits, for which | 
uſe the groſſer and incomparably gretter 
part of the Air being unſerviceable, it 
need not ſeem ſtrange that an Animal | 
ſtands in need of almoſt inceſſantly draw- |} 
Ing in freth Air. But though this Opinis | 
On 1s not (as of ſome of the ſame Author) 
abſur'd, yet beſides that, it ſhould not be 
barely aſſerted, but explicated and prov'd; 
and beſides that, ſome Objections may a7 
- 2, tram | 
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tam'd againſt it, out of what has been al- 
ready argu'd againſt the Tranſmuration of 
Air inco vital Spirits: Beſides theſe 
things, 1t ſeems not -probable, that the 
bare want of the Generation of rhe won- 
ted quantity of vital Spirits, for leſs then 
one minute, ſhould within chat time be 
tble to kill a lively Animal, without the 
help of any external violence ar all. 

But yet, on occaſion of this Opinion 
of Paraceiſas, perhaps it will not be im- 
pertinent, if before I proceed, I acquaint 
Your Lordſhip with a Conceit of that de- 
ſrvedly Famous Mechanician and Chy- 
miſt, Cornelizzs Drebell, who among 0- 
ther ſtrange things chat he pertorm'd, is 
irm'd (by more then a few credible Per. 
ſons) to have contriv'd for the late Learn- 
edKing Fames, a Vellel ro go under Wa- 
ter; of which, tryal was made in the 
Thames, with admired ſucceſs, the Veſlel 
arying twelve Rowers, beſides Paſſen- 
gers; one of whichis yer alive, and rela- 
tedif to an excellent Mathemarician that 
ntorm'd me of it. Now that for which 
I mention this Story, is, That having had 
the curioſity and opportunity to make 
particular Enquiries among the Relations 
of Drebell, and eſpecially of an Ingenious 
Aa Phy - 
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ſitian that martry'd his daughter, concer= 
ning the grounds upon which -he” concei- 
ved it fealible;to make men unaccuſtom'd 
to continue ſo long under water - without 
fuffocation , or ( as the laſtly mention'd 
Perſon that went in the velſlell aftirmes ) 
without inconvenience. I was anſwer'd, 
that Drebell conceiv'd , that 'tis not the 
whole body of the Air, but a certain Quin- 
teilence (as Chymiſts ſpeake ) or {piritu- 
ous part of it, thac makes it fit for reſpira- 
tion, which being ſpent , the remaining 
grofſer body, or -carcaſe ( if I may fo call 
it ) of the Air, 1s unable to cheriſh the vi- 
call lame reſt ;ding in the heart : So that 
( tor ought I could gather) belides the 
Mechanicall contrivance of his veſlell he 
had a Chymicall hquor, which he accoun- 
red the chiete Secret of his ſubmarine Na- 
vigation. . For when trom time to time he 
perceiv 'd, that the finer and purer part of 
the Air was conlum'd, or over clogg d by 
the reſpiration , and ſteames of thoſe that 
went in his ſhip, he would, by unſtopping 
a veſlel1 tull of this liquor ſpeedily reſtore 
to the troubled Air ſuch a proportion 
of Vitall parts, as would make 1t agalne, 
tor a good while, fit for Reſpiration, whe- 


ther by diſſipating , , or precipitating the 
oroſle 
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= | crofſer Exhalations, or by ſome other in-- 
- I #lligible way, Imuſt not now ſtay tg 
examine: Contenting my ſelfe to add, that 
having bad the opportunityTto do ſome 
ſervice to thole of his Relations, that 
were moſt Intimate with him, and having 
made it my buſineſs to learne what this 
trange Liquor might be , they conſtantly 
firm'd that Drebe/ would never diſcloſe 
the Liquor unto any , nor ſo much as tell 
the matter whereof he made it, to above 
one Perſon, who himſelte aflur'd me that 
Was. 
This account of Drebel''s performance, 
[mention, not that I any further aſſent co 
tis opinion then I have already intimated, 
WW but becauſe the man, and che Invention 
' WH bring extraordinary , I ſuppoſe Your 
Lordſhip will not be diſpleal'd tro know 
WF theurmoſt I could learne about it; eſpeci- 
' MW iynot having found it mention'd by any 
MW Vciter, Wherefore I have been ſome- 
IF tines inclin'd ro favourable thoughts of 
JE fieir opinion , who would have the Aire 
' I xcefſary co ventilate , and cheriſh che vi- 
allflame, which they do ſuppoſe to be 
continually burning in the heart , For we 
ſe,that in ourEngine the flame of aLamp 
wu laſt almoſt as little after the Exſudtt- 
AA 2 on 


(366) 
on of the Air, as the life of an Animal! : 
Nay 1 remember , that though I deviſ'd a 
more promiſing way,to make a fire laſt in 
our exhauſted Receiver, yet it would not 
ſucceed: We tooke a herd body madein 
the forme of a Clove, but twice as long, 
and proportionably thick, this body be- 
ing made of ſuch a Compoſition, that if ic 
be kindl'd at theupper end, it will moſt 
certainly burn away to the very bot- 
tome,much better then a Match, we con- 
vey dit diverle times kind!'dat the upper 
- end, into one of our ſmall Receivers, but 
ſil! tound, that though preſently upon 
the Exſuction of the Air, jt would leave 
{moaking, and ſeeme quite gone our, and 
againe begin to ſmoke as ſoon as the Air 
was let 1n upon it;yet if the Air were kept 
our but foure or five minutes, the fire 
would be totally, and irrevocably ex- 
tinguiſh'd . To which wee will adde, that 
though we convey'd into a great Re- | 
ceiver, a {mal} lamp with reQifi'd ſpirit of 
Wine, that being ſo pure as not to {mut 
the Cotton weeke, or ſo much as a piece 
of white Paper held over it; yet we could 
not by divers tryalls make the flame laſt a 
couple of minutes after the Air was begun 


to be drawne out, But though our Engine 
hus | 


i 
; 
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thus ſhews us anew kind of reſemblance 
betwixt fire and life : yet the opinion we 


have laſt mention'd is not free from Dit- 


ficulties. For though in the hearts of ma- 


ny Animall's Blood be a warm liquor,and 


in ſome ev'a a hot one, yet 1t is not eafte 
to conceive either how the Air( in ſub- 
ſt:nce ) can get thither, or how, incaſe it 
could , it were able to encreale the hear. 
Slace , however, the Air may encreaſe the 
heat of acoale by blowing off the aſhes, 
and making the active Corpuſcles pierce 
further into the kind1'd body , and ſhatter | 
it the more, yet we ſee hot liquors have 
their heat allay'd, and not augmented, by 
laving Air blown on them. And whereas 
ſome Eminent Naturaliſts think it not in. 
cnventent, to make the heat reſiding in 
the heart ro be a true flame, provided they 
adde, that 'tis fuch a temperare, and almoſt 
inſenſible fire , as the flame of ſpirit of 
Wine, which will long burne upon fine 
white Linnen or Paper wichour confu- 
ming either : give mee leave tq wiſh that 
they had been more curious to make diffe- 
ring trials with that liquor. For(as we ob- 
ſerve in another Treatiſe) the reaſon why 
a Linnen cloth , dipp'd in common Spirit 
of Wine,is not burat by the flame of it, is 
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becauſe the Phlegm of the Liquor de- 
tends the Cloth, And the Flame of Spi- 
rit of Wine is (o far from being too weak 
to burn a piece of Paper, 'or of Linnen, 
that I have uſd it in Lamps to diſtill Lj- 
uors out of tall Cucurbits, and found 
thar the Spirit burn'd away indeed much 
faſter then Sallet Oyl, but gave atleaſt as 
reat a heat : Nay, I have, for curioſity 
ſake, melted crude Gold, and that rea- 
dily enough, with the bare Flame of pure 
Spirit of Wine. 
But not to preſs this any further, we | 
will, on this occaſion, venture to ſubjoyn 
an odde Obſervation, which may perhaps 
invite toa turther Enquiry into the Op1- 
non we have for Diſcourſe ſake oppoſ'd. | 
Our Engliſh Democritus, Dr. Harvey,pro- 
poſes this difficult and noble Problem to 
Anatomiſts, Why a fxtus, even out of the 
Womb, if invols/d in the ſecundines, may 
live a good while without Reſpiration ; but 
in caſe after having once begun to breath, 
its reſpiration be ſtopp'a, it will preſently 
die, Weare far from pretending to ſolve | 
ſo hard a P:oblem, but this we try d inre- 
lation toit; We took a Bitch that was 
ſaid to be almoſt ready to whelp, and ha- 
ving cauPd her to be hang'd, we preſently 
open'd 
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open'd her Abdomen, and found four Pups 

ysinher Womb; oneot theſe we took 
out, and having treed him from the Tegu» 
ments tht involv'd him, and: from the 
Liquor he {wam in, we ob(erv'd that. he 
quickly open'd his Mouth very wide, 
mov'd his Tongue, and exercif'd Reſpis 
ration ; then we open'd both-lts Abdomen 
and his Cheſt, and 'cut afſunder.the Dias 
phragme , notwithſtanding which, he 
ſeem'doften. ro endeavor-Reſpiring, and. 
mov'd in a notable manner, -both the In+ 
tercoſtal Muſcles,part of the Diaphragme, 
the Mouth and the Tongue: Bur that 


_ which we mention this Puppy: for, was 


this, That being deſirous to-rry whether 
the other yong ones that had not yet 
breath'd at all, would long ſurvive this 


or no; we took them allo :Qut of the 


Womb, and having open'd them, found 
none of .them ſo n:uch alive, is to have 
any percePtible motion in his heart, where- 
as the heart of thar Puppy which had once 
enjoy'd the benefic of Reſpiration, con 
tina'd beating (o long, that we our (elves 
obſery'd' the Aurtcle to beat; atter five of 
fix hours ; and a Servant that ſtaid up and 
watch'd it after we were gone to Bed, at- 
firm'd, That he ſaw the Pulſation conti- 
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mue about two hours longer. I ſhall leaye 
jitto others to make Refleions.upon this 
Obſervation, compar'd with' Dr, Har- 
wey's Problem. 

. Ir is much doubted, whether Fiſhes 
breath nnder Water, and we ſhall not cake 
upon us, as yet, to determine the Queſtj- 
on either way, becauſe we have not yer 
beea able to procurelittle Fiſhes zlive co 


make Experiments upon : That ſuch as . 


are not Setaceous (for ſuch maniteſtly 
breath) have not Reſpiration, properly 
ſo call'd;ſuch as is exerciſ'd by four footed 
Beaſts, and Birds , may be argu'd from 
their having bur one cavity in their Hearts, 
& from their want of Lungs, whence they 


are obſerv'd to be Mute, unleſs we ſay, 
what is not altogether abſurd, That their 


Gills ſeem ſomewhat Analogous (as to 
their uſe) ro Lungs, Burt that on the other 
fide, Air is neceſſary to the Lives even 
of Fiſhes, -and that therefore 'tis proba- 


blethey have [ome obſcure kinde of Re- 
ſpiration, ſeems manifeſt by ewo or three - 


Obſervations and Experiments, mention'd 
by divers Authors, who tell us, That 
Fiſhes ſoon die in Ponds and Glaſſes quite 
fill awith Water ;, if the one be ſo frozen 
over, and the other ſo cloſely ſtopp'd, that 
the Fiſhes canngt enjoy the benefit of the 

v os 
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dr, if weallow them ro be true. * Bur 
becauſe theſe Relations are not wont to 
be deliver'd -by Writers upon their own 
Knowledge; as I ſhall not rejeR them, (o 
I dare not build-upon them,till I have op- 
portunity to examine them by experience. 
In the mean time, we will adde, That our 
Engine has taught us two things that may 
illuſtrate the matter in hand: The one, 
That there is wont to lurk in Water, ma- 
ny little parcels of interſperſ'd Air, where- 
ofit ſeems not impoſſible that Fiſhes may 
make ſome uſe, either by ſeparating it 
when they ſtrain the Water thorow their 
Gills, or by ſome other way : The other, 
what may be collected from the following 
Experiment. 

We took a large Eele (being able to 
procure no other Fiſh alive)and removing 
it out of the Veſſel of Water, wherein 
t was brought us, into our great Recei- 
yer, we cauCd the Air to be pump'd out g 
and obſery'd, That the Eele, after ſome 
motion to and fro in the Glaſs, feem*d 
ſomewhat diſ-compoſ'd ; and that when 
we had proſecuted the ExſuQion of the 
Air ſomewhat obſtinately, ſhe turn'd up 
her Belly, as dying Fiſhes are wont todo, 
and from theace-torward lay aicogether 
| EE moveleis, 
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moveleſs, juſt as'if ſhe were ſtark dead; 
and though T did not think her {o, yertthe 
continuing inthat Poſture, even after the 
Cover of the Receiver was taken off 
(whereby the Air-was lecin) I ſhoul {have 
been of the Oþſitiion of rhe By-ſtanders,if 
the Difhdence I am wont to-exerciſe in 
trying Experiments(eſpecially /uc\ 25 are 
not uſuit; had notinvitel-met5 take the 
Fiſh out of the Receiver, upon: whuch ſhe 
ſhew'd her {elf, by het vivid rmiotions, as 
much alive as before, 

But th:c 1s moſt ſtrahge which we ob- 
ſerv'd ot a great, '8, ay, Houſe Saul (as 
they call it) witich' being clo{-d-upin one 
of our ſmall Receivers, did not onely, 
- not tall down from the ſide of the Glals, 
upon the drawing-vut of the Air (For 
that may beaſcrib!q ro the tenacity of the 
Liquor wherewith Sniil; uſe to ſtick 
, themſelves, even'to the ſmaotheſt Bo- 
dies) but was not' ſo-much as depriv'd of 
- progreſſive motion by the receſs of the 
Air: Though except this Snail; we ne- | 
ver put any living Creature-jnto our Re- 
ceiver, whom it did riot either kill; Or It 
leaſt reduce to ſeem ready to dye.” But 
as weſhill not here examine what interelt 
the glutinous, and uneaſily difſipable Na- 

cure 


C393) 
' toreof the Juices of Snails, may haveon 
this event; ſo whether this eſcape of our 
Eele be to be aſcrib'd to the particular and 
vivacious Nature of this ſort of Fiſhes ; 
orto this, . That the Arr is not indeed ne- 
ceſſary ro the life of Fiſhes ; or finally to 
this , That though' theſe Animals need 
ſome Air, yet they 'need ſo little, that 
that which could not be drawn out of. the. 
Receiver, might (at leaſt for a while) ſuf- 
fice them, we will not now determine. 
Nor are we at leiſure ro examine that 
Paradox of Hippocrates, which ſome 
Learned Phyſicians have of latereviv'd, 
namely, That the .F@rws reſpires in the 
Womb : For on the onefide ir ſeems ve- 
difficult to conceive, how Air ſhould 
traverſe the Body of the- Mother, and the 
Teguments of the Childe: And .{ince 
Nature has, in new-born'Babes, contriv'd 
peculiar and temporary Veſſels, that rhe 
Blood may circujate thorow other Pafla- 
pes, then it is wont to do in the {ame In- 
dviduals when they cometo have the free 
vie of their Longs, it ſeems unlikely, 
thit Infants in the Womb do properly 
reſpire, Batthen {ince oor Experiments 
have manitefted, That almoſt all kinde of 
Liquors QJo,as well as Water, abound with 
IN" 
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interſperſ*d Corpuſcles of Air, it ſeems 
not alrogether abſurd to ſay, That when 
the Fetws is grown big, he may (eſpecial- 
ly the upper part of the involving Amni- 
05, being deſtitute of Liquor, and fiil'd 
onely with an halituous Subſtance) exer- 
ciſe ſome obſcure Reſpiration , eſpecially, 
fince*ris not (as many wiſe Men think it) 
a Fable, That Children have been heard 
to cry in the Mothers Womb: For though 
it happens exceeding rarely, yet ſome- 
. times 1t has been obſery'd. And I know 
a young Lady, : whoſe Friends, when ſhe 
was ſome Years fince with Childe, come | 
plain'd to me, 'That ſhe was ſeveral times 
much frighted with the Cryes of her In- 
fant, which, till I difabuſ'd Her, She and 
Her Friends Iook'd upon as Portentous. 
And ſuch Obſervations are the more cre- 
dible, becauſe not onely Houſwives, but 
more judicious Perſons, mention it, asno | 
very unfrequent thing to hear the Chick 
Pip or Cry in the Egg, before the Shell 
be broken. Burt this I mention but as 
a probable, not a cogent Argument, till 
I can diſcover whether an Eliſion of an 
halituous Subſtance, though noe true 


Air, may not at thetop of the Larynx 
| —_— 
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odace 2 Sound, fince I find thar the 
Blade of a Knife, held in ſeverall poſtures 
in the ſtreame of Vapors {or rarified Wa- 
ter) that iflu's out of an «olrprle, will af- 
ford various and very audible Sounds. 

I had thoughts of conveying into our 
Receiver young ones , ripped out of the 
wombe of their Dammes . with their 1n- 


yolving Coates intire, bur could not pro- 


cure them. And have alſo had thoughts 
of trying whether it be not ration 
to make a Receiver, though not all of 
olaſle , yet with little glaſſe windows, ſo 
placed, that one may freely look into it, 
capacious enough to hold a Man, who may 
obſerve ſeverall things, both touching 
Reſpiration,and divers other matterszand, 
who in caſe of fainting,may, by giving a 
ligne of his weaknefle, be immediately re- 


| lev'd by havingair let in upon him. Andit 


ſeems not impoſſible, bur that by accuſto- 
mance, ſome Men may bring themſelves 
to ſupport the want of Air a pretty while, 
fince we ſee that divers will live FA much 
longer then other Men under Water : that 
thoſe that dive for Pearles in the Welt 
Indies are ſaid to be able to ſtay a whole 
houre under water. AndCardaztels us of 


one Colanns a Diver in Sicily , who was 
able 


Subtilitat. 
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Cardar. de able to: continue ( if Cardas neither mi- 
ſtake, nor impoſe upon us ) three or foure 


times as long . Not to mind Your Lord- 
ſhip, that You have Your ſelfe often ſeen 
in England, a corpulent Man,who is wont 
to deſcend to the bottome of the Thames, 
and bring out of the deep holes at the 
bottome of the bankes , large fiſhes alive 
in his hands. And Acoſta tels us,he ſaw 
in Peru thelike manner of fiſhing, but 
more difficult, practiſed by the Indians. 
L made mention of ſome Men, and of 
Accuſtomance : becauſe there are but ve- 
ry tew, who, though they uſe themſelves 
coir by degrees, are fit to ſupport,for ma- 
ny Minutes, the wanc of Air. Inſomuch 
that an ingeniousMan of my acquaintance, 


who 1s very famous for the uſefull skill 
of drawing Goods,and ev'n Ordnance out - 


of {unke Ships, being as ked by mee, how 
long he was able to continue at the depth 
ot 50. or 60. feet under water , without 
the ute of Reſpiration, confeſſed to mee, 
that hee cannot continue above two mi- 
nutes of an houre, without reſorting tothe 
Air, which hecarries downe with him ina 
certaine Engine (whereof I can ſhow your 
Lordſhip a Deſcription. ) Another thing 
I allo learn'd of him by enquiry, that wis 


not 


not deſpicable - For asking him, whether. 
he found any uſe of chawing little ſpon- 
gesdipt in oyle in his Mouth, when he was 
perfetly under water, and at a diſtance 
from his Engine, he told me, that by che 
help of thele ſponges he could much lon- 
ger ſupport the want of his wonted Reſpi- 
ration, then he was able ro do withour 
them. The true cauſe of which would per- 
haps, if diſcovered , teach us ſome thing 
pertinent to the Probleme touching the 
Relpiration of Filhes 
But the necefficy of Air to the moſt 
part of Animals unaccuſtom'd to the want 
of it, may beſt be judg'd of by the follow- 
ng Expetiments, whichwe try'din ourEn- 
zine, to diſcover whether Inſects them- 
lelves have not, either Reſpiration, or 
ſome other uſe of the Air equivalent 
thereunto. 
We tooke then an humble- bee, one of 
thoſe common flyes that are call'd fleſh 
flyes, and one of thoſe hairy wormes that 
reſemble caterpillars , and are wont to be 
call d Palmer-wormes : Thele three wee 
convey'd into one of our ſmall Receivers, 
and obſerv'd tothe great wonder of the 


\ Beholders, that not onely the Bee,and the 


F.y tell dowae , and lay wich their bellies 
upwards; 


_ *- 
: 


_ (378) 
npwards; but the worme ic ſelfe ſeem'd to 
beſuddenly ſtruck dead : all of them be- 
ing reduc'd to lye without motion, or any 
other diſcernable ſigne of life, within 
ſomewhat leſle ( if we miſtake not) then 
one minute of an houre - And this,not- 
withſtanding the ſmalneſle of the Animals 
in proportion to the capacity of the veſ- 
ſels : which circumſtance we the rather 
mention, becauſe we found that the veſſel! 
was not free from leaks . And to (artisfie 
the Spectators, that 'twas the abſence of 
the Air that cauſ'd this great and ſudden 
change: we had no ſooner re-admitted the | 
Air at the ſtopcock, than all the three In- 
fes began to ſhew ſignes of lite,and little 
by little to recover , But when we had a: 
gain drawn out the Air,their motions pre- 
{ently ceaſed, 8 they fell down ſeemingly 
dead as before,corinuing moveleſs,as long 
as, by continuing to pump , the veſſel! was 
kept exhauſted. This invited us thankful- 
ly to refle&t upon the wiſe goodneſle 
of the Creator , who by giving the Air a 
ſpring,has made it fo very difficult,as ment 
find ic, to exclude a thing ſo neceſſary to 
Animals : and it gaveus alſo occaftionto | 
ſuſpect that if Inſe&s have no lungs, nor 


any part analogous thereunto, the am __ 
Air 
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Air affects them, and relieves them at the 
Poresof their Skin, it not being irratio- 
nal to extend to theſe Creatures that of 
Hippocrates, who ſays, That a Living 
Body is throughout perſpirablez or to 
uſe his expreſſion, «97»w 5 #«m3r, diſpoſ'd 
to admit and part with what is Spirituous: 
Which may be ſomewhat llluſtrared by 
what we have elſewhere noted, That the 
moiſter parts of the Air readily inſtnuate 
themſelves into, and recede from the 
pores of the Beards of wilde Oates, and 
thoſe of divers other wilde Plants ; which 
amoſt continually wreath and unwreath 
themſelves according to, even, the light 
variations of the temperature of the am- 
bient Air. | 


This Circumſtance of our Experiment 
we particularly cook notice of, that when 
atany time, upon the Ingreſs of the Air, 
the Bee began co recover, the firit ſign 
of Life ſhe gave, was a vehement pant- 
Ing, which appear'd near the Tai] : Which 
ne therefore mention, becauſe we have 
oblerv'd the like in Bees drown'd in Wa- 
ter, when they firſt come to be reviv'd by; 
convenient heat : As it the Air were 1 
the one caſe as proper to (er the Spirits 

B b and 
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and Alimental Juice a moving, as heat is 
inthe other';' and this may perchance de- 
ſerve afurther conſideration, 


We may adde, That we ſcarce ever ſaw 
any thing that ſeem'd ſo much as this Ex- 
periment, to manifeſt, That even living 
Creatures (Man always excepted) are a 
kinde of curious Engines, fram'd and con- 
triv'd by nature (or rather the Author of 
it) mach more skiltully then our groſs 
Tools 2nd unperfe& Wirs can reach to, 
For in our preſent Inſtance we ſee Ani- 
mals, vividand perfely ſound, depriv'd | 
immediately of motion, and any diſcern« | 
able fgns of life, and reduc'd to a condi- | 
tion that differs from death, but in that it 
15 not abſolutely irrecoverable. This (I | 
fay)we ſee perform'd without any, ſo much 
as the leaſt external violence offered to 
the Engine; unleſs it be ſuch as is offer'd 
toa Wind-Mill, when the Wind ceaſing 
to blow onthe Sayls, all the leveral parts 
remain movelels and uſeleſs, till a new 
Breath pur them into motion again. _ | 

And this was further very notable in | 
this Experiment; That whereas tis known, 
that Bees and Flies will not onely walk, 


but flie tor a great while, after their heads 
are 
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Ire off s and ſomerimes'one half of the 
Body will, for divers hours; walk up and 
down, wheat is fever from the other: 
Yet, upon the Ex(uction of the Air,. not 
onely the "progreſſive motion of the 

whole Body,but the very! motions of the 
Limbs do forthwith ceaſe; as if the pres 
ſence of the Air were more neceſſary to 
thele Animals, chen the Preſence of their 
ewn Heads:' 

- Bur it ſeems, that in theſe laſedts, hat 
guid Body(wherher it beaJuice or Flame) 
wherein/Lite chiefly reſides, is nothing 
near ſo ealily difſipable, as in perfect Ani- 
mals.' For where, as we have above re- 
cited, that the Birds.we conveyed into our 
{mall Receiver were within two minutes 
brought ro be paſt Recovery, we were 
unable ( though by . tyring him that 
pump'd) to kill our Infecfts by theexſu- 
Rion of the Air : For chouph, as long 
as the Pump was kept moving, they con- 
tinued immovable, yet when we deſiſted 
from pumping, the Air that preſl'd in at 
the unperceiv'd Leaks, did (chough flow-. 
ly) reſtore them to the free exercile of the 
fanchions of Lite. 

Bur, My Lord, 1 grow rroubleſome, 
and therefore thall pals on fo other Expe- 
Bb 2 _ riments : 
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periments: Yet without. diſpairing of 
your pardon for having entertain'd you ſo 
| long about the uſe of Reſpiration, becauſe 
it js a {ubje& of that difficulty to be ex- 
plain'd, and: yet of that. importance to 
humane Life, that I fhall not regret the 
trouble my Experiments have coſt me, if 
they be found in any degree ſerviceable to 
the purpoſes to which they were deligr'd, 
And though I deſpair not but that here- 
after our Engine may furniſh us with di- 
vers Phenomena uſeful to: Iliuſtrate the 
Doctrine of Reſpiration ; yet having not, 
as yet, had the opportunity to makethe 
other tryals, of. various kinds, that I 
judge requijite for my Information: 1 
muſt confeſs to Your Lordſhip, that in 
what 1 have hitherto ſaid, I pretend not 
ſo much to eſtabliſh, or over-throw this 
. or that Hypotheſis, as to lay together di- 
vers of the Particulars that occur'd to me, 
in order to a future inquiry. I (ay, di 
vers of the Particulars, becauſe I could 
aade many others, bur that I want time, 
and fear that I ſhall need Your Lordſhips 
pardon, tor having been ſo prolix in Wri- 
ting ; and that of Phyſ1tians (which per- 
haps 1 ſhall more ealily obtain) for having 
invaded Anatomy, a Diſcipline which 
they 
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they challenge to themſelves, and indeed 
have been the almoſt ſole Improvers of. 
Without denying then that the inſpir'd 
and ex{pir'd Air may be ſometimes very 
nſeful, by condenſing and cooling the 
Blood that paſles through the Lungs ; I 
hold that the depuration of the Blood in 
that paſſage, is not onely one of the or- 
dinary, but one of the principal uſes of 
Reſpiration. Bur I am apralſo to ſuſpeR,. 
that the Air does fomething elſe in Relpir 
ration, Which has not yet been ſufficient- 
ly explain'd; and therefore, till I have ex- 
amin'd the matter more deliberately, I 
ſhall not ſcruple to anſwer the Queſtions 
that may be asked me touching the ge- 
nuine uſe of Relpiration, in the excellent 
Words employ 'd by the acute St. Auſtin, 
to one that ask'd him hard Queſtions - 
Mallem quidem ({ays he) corum que 4 
me queſiviſts, habere ſcientiam quam ie- 
' woranuam: ſed quia id nondum potui, mas 
gu cligo cautam ignorantiam confitert, 
quam falſam ſcientiam profiteri, 


] 
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3 hl: FJ Aving (partly upon the conſideration 
4 £ xperge 


of ſome- of the foregoing Experie 


Mn: 42- ments, and partly upon grounds not nowy 


to be inſiſted on) entertain'd a:ſufpition, 
| that the action of Corrofive. Liquors ia 
the diſſolving of Bodies, may be conſide- 
rably varied by the gravitation or preſſure 
. of the incumbent Air, and the removal 
of it y I thought fit to examine my Con- 
jecture by the following Experiment, 
I took whole pieces of red Coral, and 
. caſt them into as much Spirit of Vinager, 
as ſufhced to ſwim above an.Inch over 
them: Theſe ſubſtances I made choice of, 
that the Ebullition upon the Solution 
might not be too great, and that the 0- 
peration might laſt the longer. 

' Having then put about half-a-ſcore 
Sprigs of Coral, together with the Me-- 
ffrunm,\nto a ſomewhat long neck'd Viol, 
whereof they ſeem'd ſcarce to fill a third 
part, weconvey'd that Viol into one of 
our ſmall Pneumatical Glaſſes, containing 
by gheſs about a Quart of Water; and 
having faſtned on the Cover, after the 
accuſtom'd manner, we ſuffered the Li- 

quor 
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quor to remain unmov'd awhile, to ob»; 
ſerve whether the Menſtruwm would 
work upon the Coral. otherwiſe then bes /* . 
fore, But finding there did onely ariſe, 
as formerly, a pretty number of {mall- 
| Bubbles, that made no ſenſible froth up-: 

on the ſurface of the diſtilV'd: Vinager, 
there were made two or three, Exſu@ions : 
of the Air ; upon which, there emerg'd--; 
from the Corall ſuch a multitude of Bub- 
bles, as made the whole .Body of the 
Menſtruum appear whites and ſoon af- 
ter, a Froth, as big as all the reſt of the 
Liquor, was ſeen to ſwim upon it:- And 
the Menſtruum plainly appear'd to boil 
in the Glaſs, like a ſeething Pot. And 
though, if we deſiſted bur one minute 
from. pumping, the decrement of the 
| Froth and Ebulliction, upon the getting 

in of alittle Air at ſome leak or other, 
ſeem'd to argue, that che removal of the 
the preſſure of the external Air was the 
cauſe, or, at leaſt, the occaſion of this: * 
efferveſcence: Yet to evince this the more 
clearly, we turn'd the Key, and let in the 
external Air at the Stop-cock ; immed: - 
ately upon whoſe entrance the Froth va-'.. 
niih'd, and ſo many of the Bubbles with- 
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"a 
inthe body of the Liquor difappear'd, that it 


| Joſt its whiteneſs, & grew traniparent again: 


The Her ſtrawm alſo working as languidly 
upon the coral, as it did betore they were pur 
into the Receiver : But when we had again 
drawn-out the Air, firſt the whiteneſs re-ap- 
pear'd,then the ebulition was renewd, which, 
the pumping beingawhile longer & nunbly 
purſued, grew {0 great, that for 3'or 4 times 
oneafter another, when ever the Air was let 
out of the Receiver into the emptyed Cylin- 
der; the frothy liquor over-flow'd the glals, 
& ran down-by the fides of it: And yet, upon 
the readmitting-of the excluded air,the boil, 
ing Liquor grew'immediarly as calm and as 
tranſparentasat firſt:as if indeed the operati- 
on of it, upon the Coral, had been facilitated 
by the ex{uction of the incumbent air,wh on 
1tSrecels,lefcit more eafle for the more ative 
parts of the liquor to ſhew themſelves ſuch, 
then ic was whilſt the wonted preſſure of the 
Air continued unremoved. It may indeed be 
{u{pected, that thole vaſt & numerous Bub- 
bles proceeded, not from the a&ion of the 
Menſtruum upon the Corall, but from the 
ſuddain emerſion of thoſe many little parcels 
of air that(as we formerly obſervd)are wont 
to bediſper('d in liquors, without excluding 
Spirit of Vinegar; but having had this ſuſpi- 


ion before we trydthz Experiment,we con- 
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yey*d our diſtill'd Vinager alone into the Re- 
ceiver,and kept it awhile there,to free it from 
* | its Bubbles (which were but very ſmall) be- 
| | foreeverwe pur the Corall intoir. It may 
be ſuſpeRed likewiſe, that the agitationof the 
Liquor;neceſlary following upon the ſhaking 
of the Glaſs,by pumping,might occaſion the 
recited Ebullicion; but upon tryal made,there 
appear'd not any notable change in the liquor, 
or its operation, though the containing Veſlel 
were ſhaken, provided no Air were ſuck'd out 
ofit. The former Experiment was.another 
time trydin another ſmall Receiver,with Co- 
ral grofly poudred, and the ſucceſs was very 
much alike, ſcarce differing in any thing, but 
that the Coral being reduc'd to {maller parts, 
upon the ebullicion of the liquor,ſo many lit- 
tle lumpsof Coral wonld be carryed & Boy'd 
up by the emerging Bubbles,as ſometimes to 
darken the Viol ; though the ſame Coralline 
Corpuſcles would be let fall agaia upon the 
letting in of the Air, 
Something alſo we try'd in our great Receiver, 
concerning the ſojurion of Metals in Aqua fortss,and 
other Corroſfive Liquors ; bur partly the ſtink, and 
partly ſome accidents, kept us frotn obſerving any 
thing peculiar & remarkable about thoſe Solutions. 
One thing we muſt not omit,that when the Spirit 
0! Vinager was boiling upon the Coral, we took off 
the Cover of the Recetver.and took out the Viol, but 
could not finde,that notwithſtanding ſo very late an 
Ebullition, the Liquor had any heat great cnough to 
d: at all ſenſible ro our hands. wc 
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V E will now ſabjoyn an. Experi- 
ment, Which, if the former did 
not leſſen, the wonder of it would pro- 
bably:appear very ſtrange to Your-Lord- 
ſhip, as it did to-the' firſt Spectators of 
Ik. ok 
 TheExperiment was this : We cauſ'd 
Water to be boyl'd a pretty while, that 
by the heat it _— be freed from thela- 


titant Air, {o often already taken notice | 


of in common Water: Then almoſt fi]- 
ling with ita Glaſs Viol, capable of con. 


raining near four Ounces of that Liquor g 


weconvey'dit, whil'ſt the Water was yer 


hor, into one of our ſmall Receivers (big 


enough to hold about a pound of Water) 
and having luted on the Cover, we cauſ'd 
the Air to be drawn out: Upon the two 


firſt ExſuRtions, there ſcarce appear'd any 
c__ in the Liquor, nor was there any 
notable 


alteration made by the third ; but 
at the fourth, and afterwards, the Water 
appeard tg boyl in the Viol, as if ithad 


ſtood over a very quick Fire for the 


Bubbles were much greater then are uſu- 


ally found upon the Ebullition of very 
much 
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much more -Water then was contain'd in 
our Viol. : And this Efferveſcence was ſo 
cinche upper part of the Water, thar 
the Liquor boyling over the top of the 
Neck a preſty deal ofitran downinto the 
Receiver,, i and ſometimes continued 
(though 'more languidly) boyling there. 
Proſecuting s this Experiment,weobſerv'd, 
that ſometimes, after the firſt Ebullition, 
we were reduc'd to make divers Exſucti- 
> Air, before the Liquor would 
Pit ro boyl again, Bur at other 
z as often as the Key was turn'd to 
it the Air paſs: frgmn the Receiver 1nto 
the Pump, the Efferveſcence would be- 
gin afreſh, though the*Pump were ply'd 
for a pretty while together ; which ſeem'd 
to argue, that the boyling of the Water 
rroceeded from hence , That upon the 
withdrawing the preſſure of the incumbent 
Air, either the Fiery Corpuſcles, or ra- 
ther the Vapors agitated by the heat in 
the Water (which laſt, what we have for- 
merly noted-touching the rarefied Wa- 
ter of an eolipile, maniteſt to be capa» 
ble of an Elaſtical Power) were permit- 
ted to expand themſelves mightily in the 


evacuated Receiver; and did, in their 
tumul- 
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tumultuous Dilation, life up (as the Air 
js wont to do)) the uppermoſt part of the 
Water , and- turning it into Babbles , 
made the Water appear boiling. This 
conjecture was further confirm'd by theſe 
additional Circumſtances: Furſt, The 
Efferveſcence was confin'd to the upper 


part of the Water, the lower remain- 


ing quiet, unleſs the Liquor were but 
ſh?llow. Next, although ſometimes (as 
is already noted) the Ebullition began a- 
. £ain, after it had cea('d a pretty while, 
which ſeem'd to infer, That ſome concur- 
rent cauſe (whatever that were) did a little 
Modife the operation of heat ; yet, when 
the water in the Viol could by no pum- 
ping be brought to boil any more, the 
ſelt-ſame Water, being in the very ſame 
Viol warm'd again, and reconvey'd into 
the Pneumatical Glaſs, was quickly 
brought to boyl afreſh, and that vehe- 


mently and long ehough , not to menti- 


b 


on, that a new parcel, taken out of the 
ſame parcel of the boyled Water with 


the former, and putiin cold, could by no | 


pumping be brought to the leaſt ſhew 


of Efferveſcence. Beſides, having try'd 


thus Experiment in hot Sallet Oyl, be- 
ing 
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ing 4 much more tenacious Liquor,. and: 
requiring a ſtronger heat to make it boil, 
conald not be brought to an Efeer+ 
yelcence in our Reciver z whereas the 
Chymical Oyl of Turpentine, being 
thinner and more volatile, was preſent=- 
ly made to boyl up, till it reach'd four 
or five times its former height in the 
Viol, in whoſe botrom it lay, and con- 
tau d boyling gill it was almoſt reduc'd 
to be but luke-warm, Wine alſo be- 


0g.2 more thin and ſpirituous Liquor 


then Water, being convey'd in hot in- 
ſtead of the Oyl, did, as I remember, 6 
the very firſt Exſuction begin to boyl To 
vehemently, that, in a ſhort time chat 
the Pump was kept moving, four parts 
of five, by our gheſs, boyd over out 
of the Viol, though it hada pretty long 
Neck. On which occaſion we will adde, 
that even. the Water irc ſelf, near one 
half, would ſometimes boyl over into 
the Receiver before it became luke- 
warm, Andit was alſoremarkable, that 
once, when the Air had. been drawn out, 
the Liquor -did, upon a fingle Exſucti- 
on, bayl fo long witch prodigiouſly vaſt 


"Bubbles, -tbat the Efferveſcence laſted al- 


moſt 
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moſt as long as was requiſite for the re- 
hearfing of 2 Pater Noſter.' "Now the 
Experiment having been try'd more then 
once, and fonnd to-ſucceed as to the miaing 
| ſeems much to countenance the conjecture 
we made at the beginning of this Letrer, 
where we told your Lordſhip, Thar per- 
haps the preſſure of the Air might have an 
intereſt in' more 'Pheromena then. men 
have hitherto thought. , For as we had 
not then made this Experiment, ſo now 
we have madeit, 1t ſeems to teach, That 
the Air, by its ſtronger or weaker pre: 
te may very much Modifie ( as the 
chool-men ſpeak) divers of the Opers 
tions of that vehement and. tumultuous 
Agitation of the ſmaH parts/ of- Bodies, 
wherein the nature of heat ſeems chiefly, it 
not ſolely, to'confiſt. 'Inſomuch that if 
a heated Body were convey'd above the 
Atmoſphere, 'tis probable. that the heit . 
may have a differing operation, as to the 
power of diſſipating the partsof ic, from 
What it has here below. 0 © 7 
Toconclude, This Experiment migh 
have been further proſecuted, but our 
want of leaſure makes ns content our 
ſelves to adde at preſent ; That perhaps 
It 
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it would not be loſt labor if this were 
|| cry d, not onely with other Liquors, bye 
Tf wb variety of heated, and eſpecially [0 

\  ormelced Bodies : But in ſuch caſes the 
e F Receiver ought ro be ſo ſhap'd, as is moſt 
; © proper to preſerve the Cement wherewith 
* | che Cover muſt be faſtned on, from being 
| 
| 
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melted by the heat of the included Mat-= 
ter 3, the inconvenience to be hereby a- 
yoided, having befallen us in the uſe of a 
Receiver roo ſhallow, though otherwiſe 
capacious enough: 51 THE. 
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© The Concluſion. © 


PEing comethus far, My Dear Lord, 
— not without.thoughts of proceeding 
further : The unwelcome Importunity of 
my Occaſions becomes {o prevalent, that 
it quite hinders, for the preſent, my de- 
ſign'd Progreſs z and reduces me, not 
onely toreſerve for another opportunity 
that kinde of Experiments , which, ar 
ſome diſtance from the beginning of this 
Letter, I call'd. (as Your Lordſhip may 
remember) Experiments of the ſecond 
ſort; but to leave uneſſay'd ſome of the 
firſt ſorr, which 1 might try in the En- 
©1ne, as It now is, were it not that my 
Avocations are grown ſo urgent, tor my 
remove from the place where the Engine 
was ſetup, that I am pur to write Your 
Lordſhip this Excuſe, Weary, and in an 
Inne which I cake inmy way to my hgh 
Oo | | c 


. (395): 
reſt Brother Corke: Who being ar 
kngth arriv'd in England, atter I hve 
tor diverſe Yeares been deprived of His 
Company , and wiſh'd' for it as long z 
what ever my other occaſions may be, 
my firſt Buſtnefſe muſt be to wait on 
Him and Your Excellent Mother, in 
jhoſe gratefull Company I may hope 
to forget a while thoſe publick calami- 
ties that diſtreſſe this too deſervedly | 
uhappy Nation. Since that is indear'd 
tome, both by their perſonall Merit; 
by the near Relation which Nature 
gves me to Him, Aftnity to Her, and 
Friendſhip to both; and alto by their 
nany Favours , eſpecially tnat of my 
oving them My Lo:d of Dungarvan: 
But I ſuffer my ſelfe to be tranſported: 
too farre with theſe delighttu?l choughts; 
To returne therefore to our Engine, 
Though I find this Letter is beyond my 
expectation ſwell'd, not only into a 
Book, but almoſt into a Volume ; yer 
the Experiments already mentioned in 
it, are {0 farre from compriſing all thoſe 
that may be try'd by the help of our 
Engine, that I have not yet been able to 
by all choſe, which, preſeatly occurring 
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to my thoughts , upon my firſt ſeeing 
che working of it, I Caus'dto be fer 
down in a Catalogue within leffe then 
halfe an houre. Burt I doubt I havebur 
ro0. much cauſe. to apprehend that the 
Afﬀeaires, and other things I complaine 
of , have made it needfull for me to A- 
pologize , as well for the things I have 
ſer down, as for thoſe I am neceſſitated 
to omit. For as partiall as men uſe to 
be to the children of their own Braines, 
as well as to thoſe of their Loines, I 
muſt not deny that the foregoing Try- 


als are not alcogether free from ſuch 


unaccurateneſles, nor the recitall of them 
from ſuch imperteftions , as I my ſelfe 
can now diſcerne, and could perhaps 
partly mend , if IT had the leaſure to re- 
peate the Experiments , with the Cir- 


cumitances that have ſince offer'd them- 


ſelves to my thoughts, as things that 
might have been worth Obſervation or 
Enquiry. Burt the truth is, that I was 
reduc'd to make the ſe Experiments, when 
my Thoughts had things that more 
concernd me to imploy. them , and the 
ſame avocations * made me ſet them 


down, for the moſt part, aſſoone : : 
| 2 
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had made them, and in the ſame order, 
and that ſo faſt chat I had not over-fre- 
quently the opportunity to mind any 
more then the , bare Truth ot whar I 
ſet down ; withour allowing it any of 
thoſe Advantages that Method, Style, 
and decent Embelliſhments, are wont to 
conferre on the Compoſures they are 
imploy'd do adorne, 

Bur, my Lord, though to invite and 
| encourage You and your learned Þ:iends 
[Y at Parrs, tro make a further uſe of this 
8 Engine chan have yet been able to do, 
Tam thus tree to. acknowledge the im- 

perteions of the foregoing Letter: yec 

if tome Inteliigent Perions miſtake not, 
by what has been done, ſuch.as it is, 
_ there isa way open d, whereby Sagacious 
Wits will be aſſiſted to make ſuch fur- 
ther Diſcoveries in ſome points of Na- 
turall Philoſophy, as are yer {ſcarce 
dream'd of. And I am the more defirous 
to engage You to that Imploymenar, be- 
cauſe I am apr to think , thar it the Ma- 
king and Writing of ſuch Experiments 
ſhall coſt You as much trouble as. they 
have me, You will be inclin'd to Excule 
me z and if the Diſcoveries give You 
GC as 
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as much pleaſure as they gave me, You: 


wiil (perhsps) be invited to thank me. 
However, I think (my Lord) I may ju- 
ſtly pretend, that the things I have ſer 
down have been faithfully Recorded, 
though not elaborately Written; and I 
ſuppoſe my former Papers may have long 


ſince ſatisfi'd You, that thovgh many 


deviſe Experiments better than Y our Ser- 
vant, none perhzips has rclated them more 
carefully and more truely: And-particu- 
larly of Thelez ſometimes one, ſome- 
times another hath been perform'd in the 
picſence of Perſons , diverſe of them 
eminent tor their Writings, and all tor 
their Learning. Wheretore having in 
the toregoing Narratives made it my 
buſinetie to enoble them with the chiete 
Requilites ot H.ſtoricall Compoſures, 
Candor, and Truth , I cannot deſpair 
that Y ou will either Excuſe their Imper- 
tections, or at leaſt Forgive them: Eſpe- 
Clally conſidering , that this unpoliſh'd 
Letter 1s as well a Production of Your 
Lordihip's Comman1s and my Obedi- 
ence, as a Teſtimony of my Delire to 
make others beholden to my Lord of 
Duns 


md. | 


mm” }Z3 kh 


RETENTION 


EPRIFET 


w (399) 
I-| Dungarvan, by the ſame way by which 
; | 1 .ndeavour to expreſle my felte = 


: 
Bec: r's-ft Id this 


20h. of Decem- 2 - os 
ber, 1659- 


His Lordſhips 


Moſt obedient Servant, 


and _ 


Moſt affeRionate Unckle, 


ROBERT BOYLE. 


ng 


>, +> 
A n 


SHC0000C0C0000000 


ERRATA.: 


Pae. 4. line. $.dele that. 10. 11.d. within and without, 
x2. 3. 0ut at the. x8, 25» deroid. 19. wit in. guiibly 
27.1. a+ ſpriag.' 2827. refratiions. 31. 1. Ficciol 
32.5. de that, 34. 16. it beat, 46. 22. diſtended Tir, 47. 
21, made even, by. 48.6. not from. 69. 1g. into 73, 
26, cloath of. 76. 26. wax candle. 102.23 ſtaacher,10;, 
G. we vnitcd, 104.1. d. I. 106. 21.7 an. 106, 24, they 
if. 115. 16. an other tiyall, 150. 22. time, after, 152.9, 
at, 5. 166. 26. how eter, 172. 15. EF, 173, 9, wan, 
S—. Candlis tortuoſt ( LR) vitmum ovificium 7. 174. 
18. rareſattion. 192.9. twenty firſt. 184.6. more iy. 194, 
19. Wont to. 228. 11. of the Atmoſphere. 235 16, the {ealr. 
246. 27.8. be. 247. 19. admit it. 257,in margine. ge0gr: 
general. 270,24. the glaſſe. 277. 24. a degree. 290.8, w 
ncither 48.294. 27. F to C.' 294. Ut. 3o- "2 299. 24, 10+ 
louſe. 300. 15. difforme. 309. 27, Lucid, 321. 10. poſ- 
ſeſſor*'s. 2356. 16. Pariacaca, 358, 3. 14 a puntiuuall 358, 
26, Frelichins, 362. 14. proſcribe, 362. 26, as ſome 


CE EE PETR: 


%* 


Lo 


